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THIS ISSUE BINDER IS INTENDED TO PROVIDE A BASIC, 
COMPREHENSIVE REVIEW OF THE SCIENTIFIC LITERATURE 
REGARDING A SPECIFIC TOPIC ON ETS AND THE HEALTH OF 
NONSMOKERS. 

PRIMARY STUDIES AND REVIEWS HAVE BEEN HIGHLIGHTED 
TO IDENTIFY (1) USEFUL OR HELPFUL INFORMATION (YELLOW 
HIGHLIGHT) AND (2) ADVERSE RESULTS OR OPINIONS (BLUE 
HIGHLIGHT). 
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I. HEALTH CLAIMS 


• The claim that exposure to environmental tobacco smoke (ETS) 
in the workplace causes disease in nonsmokers is not justified 
on a scientific basis. 

Exposure 

• Measurements taken in offices, workplaces and public places 
indicate that the contribution of tobacco smoke to indoor air 
is minimal. 1 For example, typical nicotine measurements (which 
are particularly revealing because nicotine is unique to 
tobacco smoke) range from an exposure equivalent of 1/100 to 
1/1000 of one filter cigarette per hour. 2 In other words, a 
nonsmoker would have to spend from 100 to 1000 hours in an 
office, restaurant or public place in order to be exposed to 
the nicotine equivalent of just one cigarette. 

Lung Function 

• A 1980 report 3 which concluded that nonsmokers exposed to 
tobacco smoke at work for 20 or more years had reduced function 
of the small airways compared to nonsmokers not so exposed 
still receives considerable attention, although it was heavily 
criticized for questionable data acquisition and analysis. 4 
In contrast, a more recent study of 1,351 German office workers 
reportedly found "no evidence" that everyday exposure to 
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tobacco smoke in the office or at home leads to an essential 
reduction of lung function in healthy adults. 5 

Lung Cancer 

• Nine of the published studies on spousal smoking and lung 
cancer examined workplace exposure to ETS and the incidence 
of lung cancer in nonsmokers. 5 Not one of the studies provides 
adequate support for an association between ETS exposure in the 
workplace and lung cancer. 

Allergy 

• One of the most widespread beliefs, especially in the workplace 
setting, is that some nonsmokers are "allergic” to tobacco 
smoke. Scientific researchers, however, have not identified 
specific allergens in tobacco smoke. 7 Thus, while some 
individuals may react to the sight or smell of tobacco smoke, 
this does not mean that they are experiencing an "allergic" 
reaction to it. 
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II. SICK BUILDING SYNDROME 


Because it is visible and easily identified by its aroma, 
environmental tobacco smoke is often blamed for indoor air 
quality problems. Government and private studies of "sick 
buildings" in the United States, Canada and Europe report, 
however, that tobacco smoke may be involved in only two percent 
to five percent of the buildings investigated for complaints 
about air quality. 1 For example, from 1981 through 1987, one 
company studied indoor air quality in 223 different buildings, 
accounting for over 39 million square feet of property, and 
found that ETS was a significant concern in only 10, or 4%, 
of the buildings [Robertson, 1988]. In another SBS database, 
smoking was implicated as a major contributor to complaints 
in only 12 of 408 (<3%) of the buildings surveyed [Collett, 

1989]. The National Institute for Occupational Safety and 
Health (NIOSH) investigated more than 200 "sick" buildings 
and found that tobacco smoke was the source of claimed 
discomfort in only 2% of the buildings investigated. 
Ventilation problems were associated with half the complaints; 
outdoor air was considered a bigger problem than ETS [Melius, 
1984]. Other investigators concluded that bacterial and 
fungal contamination is a major source of indoor air problems 
[Collett, 1989; Robertson, 1988]. 
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Inadequate ventilation exacerbates all indoor air quality 
problems. This suggests that even a total smoking ban is not 
likely to affect comfort problems in 95 to 98 percent of "sick 
buildings." 2 

The majority of indoor air quality problems in "sick buildings" 
have been traced to inadequate fresh air and poor air 
filtration. Because the visibility of tobacco smoke may be an 
indicator of inadequate ventilation, the prohibition of smoking 
serves to mask the real reason for poor indoor air quality— 
lack of proper ventilation. In addition, concentrating on 
tobacco smoke ignores the fact that adequate ventilation should 
always be provided in any enclosed space, regardless of whether 
or not smoking is permitted. 
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III. VENTILATION 


In 1981, The American Society of Heating, Refrigeration and 
Air-Conditioning Engineers (ASHRAE) issued a ventilation 
standard for public places (ASHRAE 62-1981).^ The Standard 
established two levels of ventilation, one for areas in which 
smoking was permitted, and another substantially lower rate 
for areas where smoking was prohibited. The Standard was 
recently revised and reissued (ASHRAE 62-1989) with one 
prescribed ventilation rate, regardless of whether smoking 
was permitted or not. The decision to reject separate 
ventilation rates for smoking and nonsmoking areas was 
influenced by two areas of research: (1) The amount of 

ventilation required to remove indoor contaminants produced 
by humans, namely carbon dioxide and body odor, is also 
sufficient to remove typical amounts of ETS; and (2) 
ventilation rates for nonsmoking areas under ASHRAE 62-1981 
were found to be inadequate and permitted airborne substances 
to increase, even in the absence of ETS. 2 

Operating costs for increasing ventilation to meet 
specifications set forth in ASHRAE 62-1989 have been estimated 
at 3-5% over current annual energy expenditures for office 
buildings. Compliance with ASHRAE Standard 62-1989 will 
apparently have little effect on annual energy budgets. J © 
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IV. ACCOMMODATION 


• Since the claim that exposure to tobacco smoke causes disease 
in nonsmokers is not scientifically justified,^- the real issue 
regarding the "right" to smoke-free air is whether or not 
smoking should be prohibited because some people consider it 
to be an annoyance or nuisance. 

Annoyance ; 

• Tobacco smoke may be an annoyance or nuisance to some people, 
but such complaints typically arise in poorly ventilated areas. 
Such complaints are most frequently associated with inadequate 
ventilation and to indoor substances other than ETS [See 
Section II: "Sick-Buildings"]. 

• Regulating a behavior such as smoking merely because some see 
it as an annoyance has undesirable consequences. Numerous 
individual behaviors could fall into the category of 
"annoyances," and to demand restrictions on all those 
potentially "annoying" behaviors is "to call for government 
regulation of everything." 2 

• Such regulations also reject the real possibility that people 
can work things out among themselves and may place a minority 


- 11 - 


Source: https://www.industrydocuments.ucsf.edu/docs/zqyxOOOO 


2023383629 



of individuals in the position to dictate what is "right" for 
everyone. 

The alternative to intrusive regulation is good manners, common 
courtesy and cooperation between smokers and nonsmokers. This 
alternative preserves the delicate balance of individual rights 
and allows for accommodation of everyone’s desires. 
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The Separation Issue : 


The 1986 Report of the Surgeon General on ETS suggests that 

separation of smokers and nonsmokers is not effective in 

minimizing the nonsmoker's exposure to ETS. That claim was 

made without scientific support. Indeed, subsequent research 

indicates that simple separation of smokers and nonsmokers 

1-3 

effectively minimizes ETS exposures for nonsmokers. 

One recent study reported that the use of designated smoking 
areas reduced exposure to ETS by 95%.^ Another study of a 
smoking—restricted office building reported that ambient 
nicotine in nonsmoking areas was virtually undetectable, 
suggesting that ETS had a negligible impact on the nonsmoking 
areas of the building. 2 


Canadian researchers, in a series of reports, presented results 
on levels of ETS constituents in offices where smoking was 


regulated and unregulated. They reported no significant 
differences in average ETS constituent levels between 


nonsmoking offices that received recirculated air from 


designated smoking areas and nonsmoking offices that did not 
receive recirculated air.^ They concluded: 


The results indicate that the provision of a 
designated, but not separately ventilated 
smoking area can effectively eliminate or 
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drastically reduce most components of 
environmental tobacco smoke from nonsmoking 
offices. 


A federally-sponsored study of ETS in aircraft cabins indicates 
that separation of smokers and nonsmokers is an effective means 
for reducing exposure to ETS. 4 The authors reported that many 
ETS constituent concentrations in nonsmoking sections were 
below the limit of detection. Similar results have been 
reported in other studies. 5 
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Overview 


Job security. wages. health benefits amichild t an* an* just some of 
the many issues facing workers an<i management today. Some of 
these issues stir the interest and concern of workers more than 
others do. 

Workplace smoking is one issue of current interest. In some 
situations, workplace smoking is strictly governed by stale or local 
laws or regulations. In other situations. however. employers and 
employees have the ability to fashion their own approach to this 
issue. In many of these cases, a reasonable and aivomnmdaling 
delusion is reached. However, in some instances, further discussions 
are needed: 

To resolve workplace smoking disputes reasonably. and to prevent 
unfair and unnecessary restrictions. you must fully understand the 
facts about workplace snmking. metheKis for amunmodaling*—and 
satisfying—both smokers amlnonsinokers. and your rights and 
resj>onsibililies as a smoker. You must, of course, also |*» aware of 
any laws that apply. 

What follows are answers to common questions almut smokers' 
rights in the workplace. If your employer has adopted an unfair 
policy, is considering adopting a smoking policy or is.currently 
drafting one—or if you are being harassed by your employer or other 
employees for smoking on or off Iht- job—lliis ln>oklel is designed to: 
help you: For further information. including information alkmt 
applicable laws or regulations, contact The Tobacco Institute at l8Ta 
I Street. Northwest. Washington. M. 
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How should I 
respond If my 
employer says 
fliat nonsmokers 
have a legal right 
under state or 
federal law to 
Insist that smok¬ 
ing be banned In 
(he workplace? 


According' to state law. employers must provide a reasonably safe 
working environment. Anti-smoking adven-ates sometimes interpret 
this obligation as giving them a right to demand that smoking I*• 
banned in the workplace. Only once. in a lower court ruling in Ih7<> 
in New Jersey has a court agreed with such an interpretation. This 
decision was limited to New Jersey, and the tliKiry was later rejected 
in a case in the same .state in 19KL 
In the second case, an employee tried to force her employer to 
adopt a variety of smoking restrictions In ruling against the 
employee, the court wrote 

What we are really being asked for here is to imjiose ujxm even 
employee ... w ho wishes to smoke a regime, a form of discipline 
which goes well beyond the reasonable. all under the guise of 
catering to the ven particularized needs of a sujiersensilive |x*r- 
son That is not* appropriate. 

The court concluded: 

fT|here simply is no warrant and no justification as a matter of 
civilized management of a work force to treat sneakers as though 
they were moral lej>ers and to banish them to a remote isolated 
area of the workplace and that |w|hen one gets right down to jt Is 
essentially w hat 1 the plaintiff it seems to me is asking for in this 
case. 

Claims thal the C.N. Constitution guarantees a totalK smoke-five 
environment also have been unanimously rejec ted by the rouris. In 
that connection, a federal district court judge in Louisiana wintr in 
1976 that to find in the Bill of Rights of the T.S Constitution a right 
lo a smoke-free environment... 
would be to mock the lofty pur^ses of such amendments and 
broaden their penunibral protections to unheard-of lioundaries ... 
The inevitable result would be thal Ivf** of tyranny from w hich our 
founding fathers sought to protect the people by adopting the first 
ten amendments. 

Nevertheless, many WnaJ governments, and some state governments 
as welt. have enacted laws that govern smoking in line workplace. If 
your employer tells you that he is simply attempting to comply with 
applicable laws or regulations, ask him to show you tlie precise legal 
basis for his actions. Thenmilarl your bargaining representative— 
or The Tobami Institute—In determine whether the law mpiin s 
your employer lo act as he proposes \u do. 
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Apart from any requirements established by law. your ripills are 
determined by common standards of human behavior. For example, 
you are entitled to common courtesy and resjied fmm iothers for 
your persona) lifestyle and preferences—including your elwice to 
smoke. If your employer decides to implement workplaw* smoking 
restrictions. you should insist on the right: 

• Tb be consulted before a policy is adopts 

• lb be reasonably accommodated in the policy 

• Tb have your preferences <<msidered on an equal basis with 
nonsmokers 

• Tb take any dispute or polin discussion In your union, if you an* 
represented by one 

• Tb be free of harassment, verbal or otherwise. and 

• To be told the legal basis for the |K»licy. 


Nik Ven few companies completely prohif^T smoking In fart. 81 
percent of companies permit smoking 
Most employers prefer to review smoking disputes on a case-by 
case basis and to accommodate both smoking and nonsmoking 
employees. The firms lhal have develojMMi |)oljcies have done so 
primarily to reduce smoking amiimi sensitive equipment or f< hm 1 
processing areas or to comply with city or state regulations. 


Arrange a private meeting to raise your concerns with those who an* 
harassing you. Discuss your diflerences. Work on ways to prevent 
them from straining office relationships further 

If they won't cooperate or meet, say firmly that you don't want to 
alarm management unnecessarily with your concerns. Say that, on 
the contrary , you would prefer to work out the issue quietly and 
calmly’ amongst yourselves. 

If that doesn't work, arrange a meeting with management to 
discuss the issue. Request the presence at the mating of tin* |*>rNon 
harassing you and your supervisor as a gesture of willingness to 
reach a solution that is balanced and fair to all parties. Al the 
meeting, express your interest owe again in reaching a solution Hurt 
accommodates everyone. 


Whattremy 
rights tsa 
smoker? 


Do most 

companies have 
strict smoking 
policies? 


Seme anti-smok¬ 
ers are harassing 
me. What cant 
So? 
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How can I prevent 
a strict antf-smok- 
tog policy or 
smoking Pan from 
being enacted, It 
none is required 
bylaw? 


Schedule a meeting lo:disc uss th^ issue with those res;xmsihle fun 
developing the polit y or ban. Before the minting, do some research: 

• Find oul the company's existing smoking |Milicv. If none exists, 
find out if any local or state ordinances apply. 

• Thlk to friends at conijvanjes like your own and ask al>oul any 
smoking restrictions there. Reasonable smoking |Nilieies may 
exist within your industry that could help your company 

• Research “successful" smoking |>oli< ies that try reasonably In 
accommodate both smokers and nonsmokers. (A total smoking 
ban is not a reasonable accommodation!) 

• Consider possible mechanical or structural solutions. Is your 
workplace properly ventilated? Would partitions reduce cigarette 
smoke and noise? Ask management to Irnik into:these 
possibilities. 

• Identify informal solutions that could work in your work 
environment. For instance, you might try either moving 
individual smoking or nonsmoking employees or building 
physical; barriers between smoking and m cnsmoking enipl< »\*w 

• If a smoking jKilicy is l>eing im|>ose<| In management without 
employee input, ask that the workforce lie consulted. Firmly hut 
politely assert your rights. 

• If you are represented by a union, discuss your concerns with 
your steward or other representative. Smoking |M>licv decisions 
are subject to collective bargaining agreements in most cases. 
How ever, the union must speak up fur its rights quickly! In 
addition, your union can ask management to call in an in<l<M>r 
air ex|>ert to analyse whether smoke is truly a problem. Most 
often, poor ventilation—not cigarette smoke—is at the nn>t of 
poor indoor air quality. 

• Recruit support from smoking and nonsmoking coworkers, The 
larger and more diverse your group. the more likely manage- 
menl will listen and respond to your concerns. If n«*ressar>. ask 
workers to sign a pebtion or letter of sup{M>rt It's imjiortanl to 
conduct such activities before or after work. Employers 
generally are more open-minded toward initiatives organized on 
employee rather than working time. 

Now you are ready for that meeting. You've reviews! your situation 
and can sit down with those who are d«*veIoping the |m>Ih-v to discuss 
the matter reasonably. 
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Arrange a mating with those who want the restrielions. During the 
meeting... 

• Don't be angry or aggressive. Rather. keep a poised and 
professional ap|>earance. Stress your willingness to work 
together to develop a smoking policy based on common sense 
and courtesy. 

• Express vour eagerness to reach a solution based on 
accommodation and compromise. Accommodations often are 
made for others in the workplace such as allowing employees to 
listen to music with earphones and moving worksites to avoid 
annoying neighboring employees. Similar aeeomnuKiations 
should be extended to smokers As one New Hampshire smoker 
recently noted. ’The smelt of coffee makes me nauseous and so 
do some perfumes. Should we bam those things, ton?" 

• Display your knowledge about the workplace smoking issue, It 
might reverse feelings towards an all-out smoking ban. Hen* an* 
some facts you can mention; 

—There is no conclusive research that show s that smokers are 
less productive employees than nonsmokers. Nor do smoking 
employees cost their employers more. 

—Environmental tobacco smoke usually is not the cause of the 
problems but rather a-.symptomiof aproblem—poor 
ventilation, poor filtration and general contamination of 
indoor air. 

—Regulating workplace smoking and settling offire disputes 
are not prominent concerns of most personnel manages, and 
rightly soj 

—When smoking disputes arise, most firms prefer to settle 
them in a fair and positive manner rather than punish 
individuals who smoke. 

—Be prepared to suggest two or three alternatives to a smoking 
ban. 

—Report the support in the office for an informal smoking 
policy that satisfies both smokers and nonsmokers. 

—It as a result of the meeting, you are unsuccessful in 

reaching an agreement, arrange to have a follow -up meeting. 
Suggest appointing a working group of smoking and 
nonsmoking managers and employees to resolve tin* issue. Dr 
request the particijnation of representatives of lalK>r ami 
management. ... 


L 


What shoold I say 
to someone who 
wonts to enact a 
strict smoking 
policy or smoking 
hen not required 
bylaw? 
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Can mi mlon 
kelp? 


What are my 
•ptions? What 
types ol 
workplace 
smoking policies 
exist? 


les. If you are represents by a union, lake your concerns to your 
steward or other representative. Your union has a right to a voire in 
determining the rules that afl«*ct your workplace. That includes rules 
about smoking. 

Unions can represent your interests through eolleetive liargaining 
with your employer They can help to ensure that the smoking 
restrictions in your office are not dictated by anti-smokers alone, hut 
rather through joint labor-management agreement 

The AFL-CIO has slah*d that issues related to smoking on the job 
can best be worked out voluntarily in individual workplai-es lrtwi*en 
labor and management in the manner that protects the interests ami 
rights of all workers. 


Subject to applicable law s and regulations, employees’ options on 
workplace smoking van with the layout and circumstances of lh»ir 
worksites. Sometimes, an informal agr**emenl among employees ami 
management defining the resistive rights of smokers ami 
nonsmokers will fill die bill. 

For example, management can designate an entire work an*a as a 
smoking area, giving employees the option of designating their 
individual work stations as smoking or nonsmoking. Employes 
would be encouraged to resolve their disputes among themselves. 
Supervisors may intervene if necessary to make sure both smoking 
and nonsmoking employees are satisfied. 

Formal smoking policies often an* more detailed. Generally, they 
designate where employees can and cannot smoke, for example, in 
conference rooms and restrooms. Because they arc inon* detailed in 
what can and cannot be done and bow they must In* enforced, 
supervisors have less say in resolving employee diffenmees amt 
cannot be as flexible in accommodating all employees. 

Since nwst formal smoking regulations cannot In- adapted to each 
and even* workplace, a flexible approach is often lie* lies! avenue. 

Fbr instance, smoking employees can be moved closer to oilier 
smokers, away from those who do not like toliaivo smoke. Or 
nonsmokers can have partitions tot not only stop the direct flow of 
smoke but also direct cool air at their desks Tlx* end result is 
both smokers and nonsmokers an* accommodated. 
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No. Reports of sore eyes and headaches, usually high employee 
absentee rales and visible signs of poor ventilation, such as dirty air 
duets and stale air are symptoms of a very real problem known-as 
“sick building syndrome." 

Cigarette smoke often is mistaken as the primary rails** of indoor 
air pollution. Tbbacco smoke is visible: allergenic fungus, bacteria 
and invisible gases and fumes that cause symptoms such as 
coughing, sneezing and watery eyes are not. 

In over half tiie buildings studied over a lo-year }*‘riod for air 
quality complaints by the federal government's National Institute for 
Occupational Safety and Health (NIOSHI. jioor or inadequately 
maintained ventilating systems wen* determined to l>e the cause. 

Firms specializing in analyzing in door air quality have found 
evidence of incrediblefilth in building ventilation systems. This dirt 
contaminates the air employees breathe and prevents projier air flow. 
Thirty-eight percent of the buildings studied by one firnn ACYA 
Atlantic Inc., of Fairfax. YA. were found to have excessively dirty 
ductwork, including a “petcemetery of dead rodents, pigeons, 
snakes and cockroaches ’ 

ACYA Atlantic also found that M percent of the buildings they 
studied had no fresh air intake. To save energrwsts. building 
managers had out off the amount, of fresh air coming into the 
building. The idea was to save money on heating the building during 
the winter and cooling it during the summer. 

Thirty-one percent, moreover, had large amounts of allergenic 
fungi known to cause sore eyes, sore throats and other allergic 
symptoms similar to those sometimes blamed on environments 
tobacco smoke. 

One way to prevent unnecessary and unwarranted smoking 
restrictions is to ask your employer to run a check on the quality of 
air in your building. If there is a “sickness." often it can be cun*d by 
a flick of the switch on the buildings air-handling system In bring 
more fresh air into the building. Sometimes, all the system may neiil 
is a routine cleaning. 


N employees 
complain about 
poor air quality, 
bsmoke 
eecessarily the 
cause? 
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How can I counter 
claims about the 
negative beattft 
oflectsot 
onvlronmontal 
tobacco smoke? 


Despite Iht* lack of convincing evidence, the |N>pular inisconceptiim 
persists that en\ironmenlal tobacco smoke (ETS) has lieen shown to 
be harmful to nonsmokers in the workplace. However, the Surgeon 
General has staled that the data on workplace exjNisun* to ETS are 
"limited and inconclusive* No reliable scientific pn>ofexists to 
support the notion that smoke poses a risk to nonsmokers in tie- 
workplace. 

After reviewing the scientific literature on environmental tobacco 
smoke, in a review critical of ETS. the National Academy of Sciences 
said available scientific evidence did not show that "smoking! on the 
job or in public places, such as restaurants, (jeopardized) the health 
of nonsmokers." 

An international conference on indoor air quality in Lomlon in 
June 1988 questioned not only the quantity of evidence Imt also Un- 
quality of the scientific methods by which environmental toharen 
smoke and poor health has been linked: 

Read) fora few more facts? Research has shown tliat to In- 
exposed to the nicotine equivalent of one cigwvlle. a nunsinok'T 
would have to fly in thenonsmoking section of an airplane for 2*24 
straight hours, sit in a restaurant for 17 days and nights or work in 
an office for 550 conlinuous hours 
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Such assertions ap|x*ar unfounded. and. at hesLimjHissiblelo vorilv. 
Scientific establishment of these claims, notes Marvin Krisleim a 
consultant to the American Health Foundation. “would require 
studies and data we do not now—and most likely will never-— 
possess* 

Even William Weis, the SeattleT’diversity accounting professor 
who first proposed the notion that smokers an* less productive 
concedes that evidence linking employes. smokinp and productivity 
is inconclusive. “Skeptics mipht arpue that these minders an* as 
soft as the underside of a porcupine," he has written. "and that may 
be true.* 

TVodhirds of union officials and sujMTnsors in pnvemmenl and 
industry say smoking has no significant efiecl on employee 
productivity And. more than ftO |>ercent l>rlieve that smoking has no 
significant positive or nepative efT»*ct on emplby** productivity'nnee 
employees return from smokinp durinp their workbnraks. The same 
survey found that 54 pereent believed a tola! smokinp ban would 
nepatively affect employeemorale, leavinp smokers alienated and 
feelinp like second-class citizens 

Claims by smokinp-restridion advm ales that smokers are absent 
more often than nonsmokers beant.se they smoke are unfounded. 
Experts on both sides of the issue apr»*e that many factors an* 
involved in absenteeism, indudinp ape. sex. family. res|»onsibi lilies, 
personal problems, job .satisfaction and commutinp time. 


How can I respond 
la claims that 
smokers are less 
productive than 
■ensmokers? 
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How con I 
persuade mi 
fallow employees 
la speak out 
against workplace 
smoking restric¬ 
tions that are oot 
required by law? 


Can my employer 
= prohibit me from 
smoking off the 
. fob? 


Approach them individually before or after work or on breaks. to 
discuss the restrictions in a calm and sensible manner. The 
emotions that frequently surround the issue encourage 
misunderstanding and often distort the issue. In your 
discussions... 

• Mention that inter-office differences aboutismoking have exist* d 
for years, and that people always have -been able to settle their 
differences through common sense andeourlesy 

• Suggest thatiwhile cigarette smoke may be an annoyance, it is 
difficult to regulate annoyances, much less |K>li<i* them. 
Encourage greater understanding by talking aUmt oilier 
annoyances in your own workplace—a colleague's blaring radio, 
excessive talking or overwhelming cologne. Ask how they -would 
handle complaints alnml these. compared. 1 tothose alwiut 
tobacco smoke. 

• Emphasize that by asking management to intervene in offire 
smoking disputes or to establish formal smoking rest riel ions, 
employees concede greater control to managers than is 
necessary —or wise. 

• Finally point out that most formal wnrkpbv smoking pnliries 
affect secretaries and clerks in oj>en-spare an*as. not 
professionals in private offices, and therefore discriminate 
against the majority of women and minorities who traditionally 
occupy secretarial and clerical jMisilions. 


Only if you let tl>emi .Allowing employers to dictate tin 1 |*Tson;d life¬ 
style of workers both on aWofl the job is a wholly unjustified invar 
sion of your privacy. If your employer establishes such a policy, 
assert your rights-. 
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No conclusive scientific proof exists to supi>or1 the claim that 
exposure to environmental tobacco smoke in public places. is a 
health risk to nonsmokers. Still, some government officials attempt 
to promote a ‘smoke-free society* by focusing on sjxvulalion rather 
than scientific fact. Although the evidence on the smoking and the 
nonsmoker health issue is inconclusive. they fee) pn\ssured to jump 
aboard and. in some cases, lead the nonsmoking l>andwagon. 

l!.S. Rep. Charlie Ro.se (D-X.C.) s|*>ke out against such efforts all 
a recent congressional hearing to consider a promised ban-on 
smoking in federal offices. He said. 'Let’s get tl^ science struiglil. 

It*s not straight right now_[Wend basing this so-called 

'necessan act* on ven shaky science* Rose's colleague. Rep Hamid 
Rogers (R-KY) rose to sup)>ort turn and to :.stn*ss the time-tested 
success of common sense and courtesy. 

George Cooper, a vice president of the New York Chandler of 
Commerce. opposed government intervention for oilier reasons, lb- 
questioned whether "a single s|>ecific law can deal with; smoking 
conditions in the ifHUMM I business estahlishmcntsinthe city of New 
York * Cooper noted that since even business is unique, a better 
approach would be to address the issue at the coni|>anv level. 


W what extent 
should 
government 
regulate smoking 
k my workplace? 


VI 
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What canl tfoasa 
, citizen to fight 
proposed 
workplace smok- 
tog restrictions? 


Letters are a relatively easy and inexpensive method In op|M>sr 
smoking restric tions. They ran c reate awareness of a tending 
proposal to restric t smoking and ran |>erMia<h* ollH*rs to join ymir 
fight. In doing so. they became a very valuable and effective tool. 

Smokervcan write several types of lellen*—lo tin- editor of your 
local newspapr. to your elec ted representatives and to your 
corporate management. 

If you deride to write. identify yourself and explain simply and 
directly from the start why you are writing 
Examplp 1: 1 am very disturb by hfarry Smith's recent article 

{Times, Feb. 2) regarding smoking in public places,... 
Example 2: As an employee in Widget Internationals Detroit facility 
1 am very concerned altoul the promised smoking 
restric tions under consideration by the cunipam .... 
Example 3: As a small business owner. I oppose City Onliimm r 
Xuml*T 4ot>7. whic h would restrict smoking in pubic 
plac es.. 

Then, briefly summarize several su|;>|toiling |M)intv—including any. 
of those you have read here. Letters should Ik* neatly written and not 
exceed one page. They also should include your home address and 
daytime phone numlter. 

It’s a good idea to send copies to others, Letters to:the-editor, for 
instance, also c ould la-sent to your city council meinfa-n stab* 
representative or conprvss|M^rson. Letters.In your government 
representatives also can be sent to your newspn|ier editor or the: 
editorial director of your local television station. 

Some employers feel it necessary to estaldish workplac e* smoking 
policies. Some do not. For those who do. smokers an* encouraged: to 
work with their colleagues and su|tervisors to come up with a: policy 
that is balanced and fair to all leased on c-ommon sense and courtesy. 
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If you have additional questions on the workplan* smoking issue., 
or would like more information, write: 

The Tbba<ro Institute 
1875 I Street, Northwest 
Suite 800 
Washinpton. U.C. 
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The Hibamt In.slilule 
18751 Street, Norihwd 
Suite 800 

WashiiiClun. D.C. 2(KHKi 







t’S9C8CC20j: 


Source: https://www.industrydocuments.ucsf.edu/docs/zqyxOOOO 





I 



jK^ otld). mana^menl 

JBL and worker* alike 
are fared with a barrage of informa¬ 
tion and misinformation regarding 
workplace smoking issues. 

Smokers and nonsnmkers 
have li\ed and worked together in 
harmony for generations. <)c rational 
disputes alnmt when and where to 
light up have lieen settled inclividu- 
all), with common sense and cour¬ 
tesy Now. there are some who would 
substitute laws ami fines. 

In mam cases. projioneitls of 
workplace smoking restrictions are 
siniph Irving to force I heir own life¬ 
styles on others. Insuccessful in 
attempts to |>ersuadt* many adults to 
<piii smoking, those c alling for broad 
restrictions are Irving to keep jieople 
from smoking l»y segregating or 
otherw ise punishing them lor exercis¬ 
ing their right! of free choice. 

These same sup|H>rlers of 
workplac e smoking restrictions also 
argue that this issue is a numlier one 
priority with management. Statistics, 
however, suggest otherwise. 

In Novemlier 1988. The 
Washington Ijegal Foundation s|*m- 
sored a survey of personnel policies 
in Fortune 1000 companies to deter¬ 
mine what senior human resnuire 
managers identify as the most im|»ot- 


1) imputes 
about w lien 
mid where to 
liirlil up have 
been wellled 
with common 
M k u*e and 
eiMirlewy 
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Em iromncn- 
tal tobacco 
smoke ha* not 
been show n 
scientifically 
to pose a 
• allli hazard 
noil- 
smokers 


tant workplace issues., problems-and 
concerns, and to understand the rela¬ 
tive imjjortance of various specific 
personnel policies. Sixty percent of 
senior human resource managers 
polled cited maintaining a ronqietent 
and contented work force as their 
greatest challenge. 

The survey also revealed that 
managers.perceive wages, job secus 
rity. and health benefits as the lop 
priorities of employees. Only two 
percent cited workplace smoking as 
an "important Human resource 
problem." 

Nevertheless, some anti¬ 
smokers continue to press for restric¬ 
tions. claiming thatcigarette smoke 
is a Health hazanl to nonsmokers: 
others say smokers are more costly to 
their employers than nonsmokers. 
Still others claim a l^gal right to a 
smoke-free environment. 

Health Hazard \ot Pnntii 


A detailed review of the scientific liU 
era!ure on environmental tobacco: 
smoke (ETS I yield* two basic 
conclusions: 

• First, that ETS has not !>een 
shown scientifically to |M>se a 
Health hazanl to nonsmoker*. 

• Second, as a National Acad¬ 
emy of Sciences panel noted 
recently, more and better 
research need* to lie done. 

In 1985; the International 

Agency for Research on Cancer 
(I ARC I reviewed the quality of the 
evidence in the published re|M>rts 
then available on the ETS/lung can¬ 
cer question. The 1ARC was critic a! 
of ETS research re|H»rls. conc luding 


2 


that“each iscompatible either with 
an increase or willi an absence of 
risk.** In other wonls. none estab¬ 
lished risk with any certainty. 

L'LS. Surgeon General (.. 
Everett koup acknowledged in 
I)eceml>er 1986 that more than half 
tlie studies used in his report on 
“involuntary smoking** found no con¬ 
sistent. statistically signific ant rela¬ 
tionship l>etween ETS and lung 
cancer iiv nonsmoker?*. In fact, a 
much higher perc entage of die 
studies that liave ireen done fail to 
find any such relationship. 

A National Academy of Sci¬ 
ence^ (NASlimmniiitre charged with 
reviewing the literature related; to 
ETS re|>orte<l late in 1986 that there 
is nothing in the scientific literature 
to supjHirt die conclusion that casual 
exjMisure to environmental tobacco 
smoke in public plac es—including 
die workplace—constitute- a health 
risk to nonsmoker-. 

Refutations of the premier 
that ex|K>sure to ETS causes adverse * 
health effects in nonsmokei* were 
also recon led in a February 1980 
rejxirt in Medical H arid \e«> that 
stated that “|s|olid scientific evi¬ 
dence of passive smoking*?* health 
risks to nunsinokers is as elusive a-, 
the smoke itself." 

Yet another study in the July 
1986 edition of the British Journal tif 
Cnturr concludes that environmental 
tobacco smoke carries no significant 
increase in risk of lung cam er. bron¬ 
chitis or heart disease. 

Serious weakness in ETS 
investigations c ited by the Surgeon 
General have Ireen noted by promi¬ 
nent inde(»endent sc-ieiiliM*. The scis 


^Should law¬ 
maker* wi*h 
to lake lo2«4ii- 
tivr nicaMirr* 
willi n‘gar(l tu 
pa**ive sinok- 
iii”. they will, 
for the pres¬ 
ent. not be 
able to lia*c 
their effort* 
on a demon¬ 
strated health 
hazard from 
pa**ivt 
smoking * 
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A National 
\radrmy of 
Se cures panel 
reported that 
there is noth¬ 
in? in the 
M-ientifir liter¬ 
ature to 
support the 
conclusion 
that casual 
exposure to 
ETS in the 
workplace 
constitutes a 
health risk to 
nonsmokers 


entifir community continues to |M>in1 
up the flaws in interpretation as well 
as some research methodologies that 
have been applied; Respected Ger¬ 
man biostaUslician K. Ul>eria. in a 
1987 review of the statistical evi¬ 
dence published in the Internationa! 
Archives of Otrupationnl and Environ* 
mental Health, staled: "The volume 
of accumulated data is conflicting 
and inconclusive. The observations 
on nonsmokers that have l»een made 
so far are compatible with either an 
increased risk from passive smoking 
or an absence of risk. Applying the 
criteria promised by the International! 
Agem'y for Research on Cancer there 
is a state of inadequate evidence." 

In a guest editorial in the 
June 1987 issue of American Review 
of Respiratory Disease, two noted 
Harvard Medical School professors, 
expressing their opinions against 
active smoking and in supjmrt of the 
Surgeon Genera Is 1986 RejH>rt. 
slaiedt "The health impact of exj>o- 
sure to | ETS] I at work, except for its 
irritation, is largely unknown. The 
report is on its weakest ground scien¬ 
tifically here." 

While both insisted that ETS 
exposure is harmful to the health of 
the nonsmoker, the NAS Committee 
and the Surgeon General also 
acknowledged that there is insuffi¬ 
cient evidence to prove claims that 
environmental tobacco smoke 
impairs respiratory function or 
causes heart disease or allergies in 
adult nonsmokers. 

A number of studies have 
shown that exjn>sure to ETS in nor¬ 
mal. everyday environments is 


extremely low. For example, one 
recent study indicates that a non¬ 
smoking employee in a typical New 
York City office would have to work 
nonstop for almost 24 day ?—more 
than 550 uninterrupted hour?—to be 
ex|>osed to the nicotine "‘equivalent"' 
of one cigarette. 

ltd)aero Smoke and 
Indoor Air Quality 

Indoor air pollution today is becomr 
ing a major work issue in some office 
buildings. The universaliiise of air 
conditioning and increased reliance 
uncontrolled! environments in mod¬ 
ern office buildings ha^ focused 
attention on "sick building 
syndrome/* 

Employee complaints of sore 
and watery eyes, abnormally high 
absentee rates and'visible sign-* of 
lyoor. ventilation; such as dust around 
ventilation ducts, all are |H>lential! 
signs of "sick building s\ ndmtne.** 
Although visible cigarette smoke 
often is targeted as a cause of the 
problem; we know now that it) many 
cases, it is a symptom, not a cause. 

In fact, when it comes to jo m» 
indoor air quality. tobacco smoke 
ap|tears to be among tl)e least com¬ 
mon sources. Rejiorls l>y federal and 
private exj>erts suggest that environ¬ 
mental tobacco smoke is related to 
discomfort of building occupants in 
just two to four percent of all cases. 
And even in those cases. studies 
indicate that improver! ventilation 
may relieve the condition. 

That means law makers and 
business managers will accomplish 
little or nothing even if they succeed 


V Whir lu- 

hat co smoke 
usually is a 
symptom, not 
a caustv of 
"sick huitdiii? 
syndrome ** 
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Once the un¬ 
derlying prob¬ 
lem of poor 
ventilation is 
corrected, mi 
too is am 
problem with 


I TS 


in removing every last wisp of 
tobac co smoke from the workplace 
solely by prohibiting smoking. Com¬ 
plaints of health problems and irrita¬ 
tions may persists 

The government's National 
Institute for Occupational Safety and 
Health t.MOSHl re)H>rts that of the 
203 buildings it examined following 
occupant complaints, just four 
cases—or two:percent—were attrib¬ 
utable to cigarette smoke. An inde¬ 
pendent analysis of more than 300 
major private and public buildings 
by ACV.A Atlantic. Inc., an indoor 
air quality analysis firm, identified 
tobacco smoke as a major contribulr 
ing factor to air quality complaints in 
only four |>ercent—twelve buildings. 

While MOSH identified FTS 
as a problem in a tiny handful of 
cases, inadequate ventilation was 
blamed in 50 |>ercent. AC\ A investb 
gations reveal that improper attention 
to indoor air circulation was resjwm- 
sihle in the majority of cases for the 
spread and breeding of infectious 
germs and allergenic dusts and 
spores—not to mention fil>erglass 
particles. as|>estos. chemic al fumes 
and a host of other Hazardous air- 
Iwrne partic les undetectable to the 
eye and nose. 

Under normal conditions with 
ventilation that is operating accord¬ 
ing to established building codes, 
tobacco smoke very quickly dissi¬ 
pates. In fact, this disappearing act 
confirms that the ventilation system 
in an indoor area is working projverly. 
In those few cases where v isible ETN 
persists, the ventilation must l>e sus¬ 
pect immediately. 
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Problems with cigarette 
smoke should Ik* viewed a “tip: 
off* to the much more serion> under¬ 
lying problem of inadequate or 
impro|>er ventilation. Tlie gi>od new- 
is that once the underlying problem 
of |>oor air circulation is corrected, 
so loo is any problem w ith h IS. 

CtMs flo Employers? 

Eighty-two |>erc ent of the re-j>on- 
denls to a 1986 survey of employers 
lb the Bureau of National Affair* 
(fi.YAl for the American Nw iei\ for 
Personnel Administration t ASPAi 
retried that the imposition of smok¬ 
ing restrictions had resulted ill no 
cost savings or no sav ing- that could 
be identified. Still, many pro|M>nenl- 
of workplat e smoking restriction- c ite 
studies that rlaim lo show smoker- 
are absent more frequenllv and incur 
higher insurance cost- than 
nonsmoker*. 

But according to Marvin 
kristein. an American Health Eoun- 
dalion economist who promotes mi* 
nomii' arguments for workplac e 
smoking restrictions. "wr lark mean¬ 
ingful Vase-con!rolled* company 
comparisons of e\|**rience with 
smoking employees vs. nonsmoking 
employees vs. exstnokers and the 
impact on company cost.** Tc» ac hieve 
a sc ientific basis for such cost 
claims. Kristein admits, "would 
require studies and data we do not 
now—and most likely will never— 
|H>ssess.** In fact, there is evidence 
that some smoking rest riel ions may 
actually increase business costs as 
smokers leave their drsks for smok¬ 
ing breaks. For example. l)n KoIktI 
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Numerous, 
factor* affect 
employee at- 
tendance. in¬ 
cluding job 
satisfaction, 
personal 
problem*, 
family respon¬ 
sibility com- 
muting lime, 
age and *cv 


Toilison. chairman of the Center for 
the Study of Public Choic e at George 
Mason University, estimates that pro¬ 
posed legislation severely restricting 
smoking in federal buildings could 
cost $309.5 million per year—$867 
per employee. 

Smoking restriction advocates 
who argue that smokers are absent 
from work more often than, nonsmok¬ 
ers rely on a statistical correlation 
that is weak at best. Experts such as 
UCLA economist'Lewis Solnion 
argue that there is far too little evi¬ 
dence to draw such a conclusion. 

Solnion notes that numerous 
factors affect employee attendance 
patterns, including job satisfaction, 
commitment to employer, personal 
problems, family responsibility, com¬ 
muting time, age and gender. 

As to the claim that smokers 
incur higher medical costs. Solmon 
stresses that such claims are based 
on studies alleging that smokers have 
a higher accident rate than nonsmok¬ 
ers. But. he notes, since smokers are 
most often found among blue collar 
workers, they are more likelk to )>e 
engaged in strenuous phy sical activ¬ 
ity which increases the likelihood of 
exposure to accidents. 


Morale? Productivity? 

Are smokers less productive than 
nonsmokers? Contrary to anti-smok¬ 
ers claim, much of the data suggest 
they are noli 

Ninety-two |>ercent of resjMm- 
dents to the >986 BN A survey for 
ASPA said either that im|M>sition of 
smoking restrictions hail not 
increased worker productivity, or that 
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they did not know whether an 
increase in productivity had 
occurred. Only four |>ercent believed 
restrictions had in fact increased 
worker productivity. And a 1981 
study released by University of Min¬ 
nesota researchers found that ;>eoplc 
who smoke tended to l>e more pro¬ 
ductive than those who do not. 

A survey of union representa¬ 
tives and managers in business, 
industry and government by 
ResjH>nse Analysis Corporation of 
Princeton. N.J.. found that among 
almost 2.(KK) 1 1 k a 1 union officiaU 
and first-level supervisors: 

• Two-thirds of survey res|ton- 
dents said employee smoking 
either has a jHisitive effect or 
no:effect on prodot tiv ily. 

• Seventy-eight percent said a 
smoking ban would not 
enable their organization to 
accomplish the same work 

witli fewer employees. 

• Only three percent of respon¬ 
dents agreed that "not hiring 
people simply Itecause they 
smoke makes sense.** 

• Of I lie res]K>ndents w In» said 
their organizations restrict 
smoking, less than three per¬ 
cent said they did so Because 
smoking inlerferes with job 
performance. 

No Legal “Highl" 

Relevant case law provides virtually 
no support for the efforts of some 
anti-smoker* to ini|M>se their views on 
employers and fellow workers. The 
courts have uniformly rejected argu¬ 
ments that a tobacco smoke-free 
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T Im- courts 
have rejected 
arguments 
that a smoke- 
(rte work¬ 
place is guar¬ 
anteed by the 
Constitution 


environment is guaranteed:In provi¬ 
sions of the L'.S. Constitution. 

In cases where employees 
have tried to use common law to 
impose smoking restrictions, the 
courts generally have sided witli tlie 
employer, most recently in a 1985 
decision in Smith r. AT&T Tech nolo - 
gies. Inc. There. the court noted that 
it "specifically does .not l>elie\e or 
find from the evidence that the 
tobacco smoke at plaintiffs former 
workplace was harmful or hazardous 
to his health*' or to the health "of the 
oilier employees in that area." 

Accordingly, the c ourt held 
that the employer had not breached 
am duty to its employees by refusing 
to segregate smokers from nonsmok¬ 
ers and to limit smoking to non-work 
areas of the building. 

In Washington; D.C.. in 
1983. Judge W illiam Pryor ruled that 
"Common law does not imjxise upon 
an employer the duty or burden to 
conform his workplace to the particu¬ 
lar needs or sensiti\ ities of an inde 
vidual employee." 

Smoking restric tion advocates 
cite three decisions to sup|K>rt their 
claim of a universal right to tobacco 
smoke-free workplace: Parodi r. 

Merit Systems Protection Board. Vick¬ 
ers i . Veterans Administration and 
Skimp t. AVm Jersey Bell Telephone. 

Parodi and \‘ickers involved 
claims by federal employees.that 
their alleged hypersensitivity to 
tobacco smoke made them “dis¬ 
abled*' or "handicapi^d** within the 
meaning of statutes applicable only 
to the federal government as an 
employer or to groups seeking federal 
aid: These cases have no relevance 
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aid; These c ases have no relevance 
to the question of whether private 
employers have an obligation to pro¬ 
vide a tobacco smoke-free 
environment. 

The 1976 Slump c ast-, then, 
is the only one that has actually pro¬ 
hibited smoking in the workplace 
based on the theory that general 
common law can l>e used ti>mni|>e] 
smoking restric tions. A key determi¬ 
nant itvShimp. however, was the lack 
of any active defense by New Jersev 
Bell, which filed no answer to the 
complaint and submitted no affidavit 
in op]H»sitiun to Slump's request for a 
court order. 

That the case has little prec e¬ 
dential value is suggested: by the 
court's dismissal of an identic al coins 
plaint subsequently filed by Slump's 
attorney Ivefore tlie same judge on 
l>ehair of another New Jersey Bell 
employee. In the second case. New 
Jersey Bell elected to defend itself. 

1 ni Commonu ealth of Pennsvl - 
raniit r. Pennsylvania hthor Relations 
Biuird . tile court held that, for 
employees working under c ollet live 
bargainingcontracts, an employer 
cannot unilaterally inqtnsr smirking 
restrictions. Other decisions have 
established that, even where a broad 
"management rights" clause is con¬ 
tained in a collective bargaining 
agreement, such unilateral action 
may |>e subject |io tests of reasonable¬ 
ness and equity. 

The AFbGO has taken a 
positiondesigned to protect die rights 
of its smoking meniliers. op|M>siug 
discrimination againsti smokers and 
calling for voluntary smoking |Milicies 


I*nnn!i and 
I ir k vrs luiv e 
nit relevance 
to tin* question 
of whether 
private ein- 
plover* niiiHf 
provide a 
smoke-free 
work 
environment 
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ees working 
under collec¬ 
tor bargainin'' 
con tracts, an 
employer can- 
not unilater¬ 
al!) impose 
smoking 
restriction* 


devised cooperatively between lal>or 
and management. 

Employment policies that 
discriminate against smokers are 
contrary to public policy and may 
violate slate and federal laws. These 
same discriminatory policies that 
penalize employees who smoke raise 
fundamental equal protection ques¬ 
tions. It is difficult to understand 
how discrimination against smokers 
can be rationally justified on produc¬ 
tivity grounds. A secretary will not 
make more typographical errors than 
a nonsmoker. Nor will a bookkeej>er 
add and subtract less efficiently if he 
or she smokes. 

Legal questions aside, how¬ 
ever. who would want to discriminate 
against smokers if the primary mot be 
in hiring is to employ the l>est indi¬ 
vidual for the job? 

Common Scum* and 
Cooperation 

Decisions involving smoking in the 
workplace are most appropriately 
commuted to the good sense and 
common courtesy of smoking and 
nonsmoking employees. The question 
of when and how workers may smoke 
in the office is best settled by 
employer and employee consensus 
rather than by city council or stale 
legislature. 

The Tobacco Institute 

1989 


For more information on this and 
other issues write: 

The Tobacco Institute 
1875 1 Street, Northwest 
Washington. DC 20006 
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CALIFORNIA WESTERN LAW REVIEW 

VOLUME 25 1MS> 1989 NUMBER 2 


Smoking in the Workplace: Accommodating 
Diversity! 

John C. Fox* 

Bernadette M. Davison* • 

Introduction 

Historically, individuals who smoked typically felt free to do so 
when and where they pleased. Indeed, smoking in public places, 
including places of work, was generally unrestricted. Today, how¬ 
ever, the interests of smokers and nonsmokers often compete on 
the job. This is especially true in workplaces where employees 
work side-by-side for long periods of time. While some employees 
adamantly seek to preserve their “right” to smoke on the job, 
other nonsmoking employees are pushing for a “right” to a smoke- 
free work environment. And, while smoking disputes are still gen¬ 
erally resolved informally by management, now legislatures, 
courts and unions have become embroiled in the controversy. 

In this Article, the authors present an overview of workplace 
smoking issues by surveying relevant case law, analyzing state and 
local legislation, and addressing the prominent role of unions re¬ 
garding smoking in the workplace. In addition, the authors offer 
practical suggestions to employers about how to accommodate the 
competing interests of both smokers and nonsmokers. In doing so. 


t John C. Fox it i partaer tm. tad leraadctte M. Davitoa a amodatad with, the 
law Ann of Pillsbary. Madiaoa k Satro. The Arm provide legal xmea to The Tobacco 
lattitate, • trade amodauoa reptetcatiag the iaumtt of ux American agamic 
manafaciorm. The view* exprtmod herein an thorn of the author* tad do aoc aocaatanJy 
reflect the newt of The Tobacco Imitate or Filiabury. Madieoe k Satro. 

* Jofea C Foa—J.D-, George Wuhingtoa Uahmity NatioaaJ taw Center (1976); 
BJU Uanenity of Califoraia at Riverside (197)), phi fleu Kappa, Cam Laadc- 

•• ieraadeiu M. Danao*—J.D- Haatiagt Coikgt of the taw (1966), Aaeociatt 
MiMpDf Editor. Hmtinp hr* Jomrmh R-A-. Uamruty of Califoraia at Rmrudc 
(1993), Cam Laadc. 
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the authors hope to assist employers in resolvins workplace smok¬ 
ing issues. 


L Background 

Eighty-eight percent of all employers in the United States per¬ 
mit smoking in the workplace. 1 Of those employers that permit 
smoking, approximately one-half currently have no formal smok¬ 
ing policy.' Twelve percent of major employers in the United 
States ban smoking on the job.* Of the employers that ban smok¬ 
ing in the workplace, many appear to do so around food.prepara¬ 
tion stations or where employees work near combustible materials. 
For example, gasoline refineries and chemical processing compa¬ 
nies ban smoking almost uniformly due to the severe safety con¬ 
siderations attendant to those workplaces. Similarly, product con¬ 
tamination concerns led the Campbell Soup Company to ban 
smoking in the workplace beginning in approximately 1896. 

Approximately one-fourth of adult Americans smoke. 4 Higher 
incidences of smoking have been associated with lower income 
groups and blacks.' It is therefore possible to experience great var¬ 
iations in the percentage of smokers and nonsmokers in any par¬ 
ticular work force. Accordingly, employers often face competing 


1. SNA. Whim There's Smoke Problems and Polices Cb^cmmng Smoking 
in the Workplace. A Special Retort 20 (2d «d. 1967) (hcrenmhar BNA, Special 
Report]. 

2. According to one survey of 11)00 employers, 63.1% have no fcnnaJ Emoting pol¬ 
icy. A more recent survey of 623 employer? indicated that 43 % hare m Each policy. Set 
infra note 109 

3. The vast majority of employers permit smoking som ew her e on company premises. 
31 % percent prohibit smoking in open work areas and shared work spaces. BN A. Special 
Report, mpm note 1. at 20. 

4. According to 19*7 statistics compiled by the Centers for Diana m Control. 26.3% 
of aduiU in the Uaited States smoke, Id. at 12- 

5. Puauc Health Serve. US Dep*t or Health and Human Serve. The 
Health Consequences or Smoking—Cancer and Chronic Lung Disease in the 
Workplace. Report or the Surgeon General 4-55 (1963) [hereinafter Surgson 
General's Retort). 

A 1966 study conducted by the Centers for Disease Control found that Mack men 
smoked at a rate of 32.3 % while white men smoked at a rate of 29 J %. The prevalence of 
smoking was only slightly higher among black women (25.1%) than white women 
(23.7%) Set Ggarrtte Smoking in the United States, /DM, Moeamr amo Mortality 
Wesrly Retort 312 (Sept. II. 1967) (dumboted by the Mnemchneotts Medical 
Society). 

A 1965 nationaJ health interview survey conducted by the Notional Cantor for Health 
Statistics also found greater incidences of smoking among Macks. Sae Public Health 
Sieve. US Diet or Health and Human Sieve. Vital Health Statvtice Health 
Promotion and Disease Prevention United States 70 (1966). 

For a collection of the results of numerous nationwide studies concerning the prevalence 
of smoking among blacks and whites, see Ethridge A Fo*. Toward a Civtl Rights Ap¬ 
proach to Smoking, Currents (April 1967) attachment 1 (pu b lis he d by the American 
Association for Affirmative Action) 
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interests of a large group of smokers or an even larger group of 
nonsmokers. As a result, most employers find it prudent to accom¬ 
modate, if possible, the competing interests of both smoking and 
nonsmoking employees. This is particularly true in this era of 
growing labor shortages, in which employers increasingly seek to 
retain happy and productive employees.* 

While the decision to permit or limit smoking in the workplace 
b largely left to the discretion of employers, there are legal and 
practical limitations to such discretion. Accordingly, companies 
must proceed with care after a full evaluation of the facts and 
pertinent law. Further, employers are warned that the law regard¬ 
ing workplace smoking is still evolving. 

The most significant limitations to management discretion re¬ 
garding smoking in the workplace include: 

(1) The common law duty to accommodate both smoking and 
nonsmoking employees;' 1 

(2) Federal regulations, state statutes or local ordinances which 
limit smoking in the workplace;* 

(3) The duty to bargain collectively with unionized employees 
about workplace smoking policies;* 

(4) Management's obligation to accommodate nonsmoking em¬ 
ployees who are found to be “medically hypersensitive” to envi¬ 
ronmental tobacco smoke (ETS) and who thus may be designated 
as “handicapped” pursuant to federal, state or local handicap 
laws;** and 

(5) The mandates of Title VII of the 1964 Civil Rights Act 
(Title VII) and other discrimination laws, which prohibit em¬ 
ployer policies which have a “disparate impact” on minority and 
female employees. 11 

Cases involving smoking may be based on constitutional rights, 
handicap discrimination acts, the Occupational Safety and Health 
Act (OSHA), Title VII, the National Labor Relations Act 
(NLRA), unemployment and workers’ compensation laws, and 
common law theories, including wrongful discharge and 
negligence. 

Discussed below are the various legal causes of action employ- 


ft. A raccni wrvty indicates that a majority of Raman raaourcc managm poikad art 
matt concerned with nawtt rotated to wcnuiing and retaining good cmpioyacs. Nearly 
ftO% responded tbit their greataat challenge * maintaining i competent and contented 
work force. 2 Washington Legal Foundation, A Survey or Piuonmii Fouao in 
the Workplace (IMS). 

7. St r infra notes 31-ftft and accompanying text. 

I Ste infra notes 67-91 and accompanying text. 

9. Set infra notes 92-106 and accompanying teat. 

10. 5rr infra notes 29-42 and accompanying text. 

11. Set infra notes 42-50 and accompanying text 
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ees have brought on both tides of the issue. u In general, the 
courts have been quite hostile to the claims of nonsmokers seeking 
a legal right to a smoke-free work environment. That same con¬ 
clusion also appears to be emerging in the new wave of “smokers’ 
rights” cases. The consensus of the courts appears to be that, ab¬ 
sent any legislative limitation on management's discretion, em¬ 
ployers need to accommodate the competing interests of both 
smoking and nonsmoking employees. For example, management 
must accommodate “handicapped" employees who are found to be 
medically “hypersensitive” to environmental tobacco smoke.** On 
the other hand, unionized workers may have a right to smoke un¬ 
less and until management has bargained in good faith to limit 
smoking in the workplace.* 4 At the same time, management must 
comply with any state statutes or local ordinances which may ad¬ 
dress smoking in the workplace.* 1 

Inevitably, employers find themselves positioned between the 
competing interests of smokers and nonsmokers alike. In this situ¬ 
ation, employers are well-advised to promptly and effectively ac¬ 
commodate these competing interests so as to avoid disruptive bat¬ 
tles between employees. In some situations, employers may 
consider voluntarily formulating a reasonable smoking policy to 
assist them toward this end. 

II. Judicial Response to Workplace Smoking 

Workplace smoking issues have been litigated in the courts in a 
variety of contexts. Beginning in 1976, nonsmokers filed the first 
of a series of “test cases” seeking the legal right to a smoke-free 


12. This Article docs not addms health or product liability litigation issues concern* 
ia| tobacco use. For a discussion of the scientific evidence relating to environ menu I to* 
becco smote* set f tnerally National Academy or So inch, Environmental To*aCCO 
Smoke Measuring Exposures and Ajseisng Health Emm (1916) (hereinafter 
NAS Report]; Suae eon General's Report on Environmental Tobacco 
Smoke—The Health Consequences or Involuntary Smoking (19*6) [hereinafter 
Surgeon General's Report); 3* World Health Organization. International 
Agency por Rssiarcm on Cancer. IARC Monograph on the Evaluation or the 
Carcinogenic Risk of Chemicals to Humane: Toracco Smoking 30* (19*6) (herein¬ 
after (ARC Monograph); and Proceedings or Indoor and Amment Air Quality 
Conference. imperial College (London. England, hum 13*13. 19*1) [ hereinafter 
Proceedings). 

See also Comment. Judicial and Legislative Control of the T oba cco Industry. T ow ar d a 
Smoke-Fret Society?. 36 U. On L Rev 317 (19*7); and Cnst A Majorat. The "New" 
IS'evr /n Smokim g and Health Lin go: ion It Anything Fealty So New?, 34 Tbnn L Rev 
331 (19*7). 

13. See Parodi v. Merit Sys. Protsction id.. 702 FJd 743, 749-31 (9th Gin 19t2); 
jar oho ittfre notes 37 A 31 and accompanying teat. 

14. See infra acta 92*106 and accompanying text. 

15. Set infra notes 67**6 and accompanying text. 
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work environment. 1 * With a few limited exceptions, the courts 
have been hostile to the claims of healthy nonsmokers seeking a 
legal right to a smoke-free work environment Instead, the general 
response of the courts has been that this is an issue best left to 
management discretion or the legislative process. 1 * 

A. Constitutional Claims 

The courts have summarily rejected the notion that employees 
or members of the public have a constitutional right to an environ¬ 
ment free of tobacco smoke. In the leading decision, Casper v. 
Louisiana Stadium and Exposition District, 1 * a group of non- 
smokers sought to prohibit smoking during sports and other public 
events at the Louisiana Superdome. The plaintiffs claimed that 
their exposure to tobacco smoke in the Superdome infringed upon 
their rights guaranteed by the US. Constitution. Specifically, the 
plaintiffs in Gasper alleged that exposure to tobacco smoke at the 
Superdome infringed upon their first amendment right to receive 
ideas; deprived them of life, liberty and property without due pro¬ 
cess in violation of the fifth and fourteenth amendments; and 
breached their fundamental privacy rights guaranteed by the 
ninth amendment. The court rejected each of the plaintiffs’ consti¬ 
tutional arguments, and stated that to bold that the Constitution 
prohibits smoking would be to create an unprecedented avenue 
"through which an individual could attempt to regulate the social 
habits of his neighbor.” 1 * 

Likewise, in Kensell v. Oklahoma,** a public employee's consti¬ 
tutional challenge to workplace smoking was also rejected. In this 
case, the court unequivocally stated that "the United States Con¬ 
stitution does not empower the federal judiciary ... to impose no¬ 
smoking rules in the plaintiff's workplace.”* 1 In sum, every court 
faced with the issue has concluded that employees have no consti¬ 
tutionally protected right to a smoke-free work environment.** 


It. Stt Skimp T. New Jcncy Ml Ttk_ I4S NJ. Sapw. Sit. MS AJt 40S (IVTt). 
17. Stt. Federal Employee* for Nootmokcn* Rifhti v. United State*, 444 F. 
Sep* HU 145 (D D C. 1971), «jJV, 591 F.2d 310 (D C. Cir. 1979). cm dtmtd, 444 US- 
924; Casper v. Louisians Stadium 4 Exposition Disu 4lt F. Sapp. 714. 722 (E.D. La. 
1974); McCarthy v. Social and Health Scn^ 110 Weak. 2d 412, 124. 739 PJd 351. 331 

(int) 

14. 414 F. Sapp. 714 (E-D. U. 1974), 577 FJd 497 (3th Cir. 1974). cm. 

dr wed, 439 VS, 1073 (1979). 

19 id. at 72H. 

20. 714 F.2d 1350 (10th Or. 1943). 

21. /d. at 1331. 

22- Stt tl*c Federal Employees for Nortsmotcri Rights ». United State*. 444 F 
Sapp 141 (D.D.C. 1974). 594 F.2d 310 (D C. Cir ). cm. dewed. 444 US 924 

(1979) (smoking in federal buikltnp docs not noUu Constitution); GASP v Mecklenburg 
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Similarly, the corollary to the nonsmoken’ challenge, i.e., the 
smoker’s asserted constitutional “right” to smoke, has also been 
rejected. Is Rossit v. Wisconsin Department of Revenue,** the 
state intermediate appellate court found that a Wisconsin statute 
prohibiting smoking in all but certain designated areas of a state- 
controlled building did not violate the fourteenth amendment 
equal protection clause. 

A prohibition against off-duty smoking, a restriction thus far 
imposed almost uniquely upon some police, fire and other public 
safety officers, has also withstood constitutional challenge.* 4 In 
Qmsendorf v. Oklahoma City** the court upheld a fire depart¬ 
ment’s ban on off-duty smoking applicable to fire fighter trainees. 
The Grvstndorf court agreed with the plaintiff that the smoking 
ban infringed upon liberty and privacy rights, stating: 

It can hardly be disputed that the Oklahoma City Fire Depart¬ 
ment's nonsmoking regulation infringes upon the liberty and pri¬ 
vacy of fire fighter trainees. The regulation reaches well beyond 
the work place and well beyond the hours for which they receive 
pay. It burdens them after their shift has ended, restricts them 
on weekends and vacations, in their automobiles and backyards 
and even, with the doors closed and the shades drawn, in the 
private sanctuary of their own homes." 

Despite this finding, the court upheld the smoking ban because, 
under the circumstances, the city satisfied its burden of proving 
that the ban bore a rational relationship to the promotion of the 
health and safety of the fire fighters. Nevertheless, employer re¬ 
strictions against off-duty behavior give rise to serious privacy 


County, 42 N.C. App. 223, 256 S.£.24 477 (1979) (smoking ia county buUdmp and facili¬ 
ty not unconstitutional). 

23. 133 Wis. 2d 341, 395 N.W.24 101 (Wis. Cfc App. 1966). w. domed. IJ4 WU. 
24 457, 401 N.W.24 10 (1917). 

24. Ftrt fighters in many states arc protected by “bean and lung" statutes which 
create a presumption that any cardiovascular or respiratory conditions suffered are wk- 
rtlatad. These statute* arc often used to justify off-duty smoking bans. Set ftmtroUy Roth* 
susa, Refusinj to Employ Smokerr. Good Public Heoltk or Sod Public Policy. 62 Notsi 
Dami L R«v 940. 952-53 (1917). 

Moat smoking bam have been promulgated at the local level. Approximately 32 locality 
currently discriminate against smokers when hiring ftrt fighters, police officers and other 
public safety em plo y es. M a ss achu s e tts is currently the only state to ban smoking by newly 
hired recruits. 

The most stringent hiring policies call for refusal to hire smokers, require signatures of 
agreement sot to smoke, call for possible termination upon violation, and have, ia some 
instances, been written into collective bargaining agreements. Several locality have ex¬ 
pressed s general preference for nonsmoking employee* if a choice must be made between 
a smoker and a nonsmoker At least one jurisdiction requires mandatory attendance at 
“health seminars." which include compulsory exercise and nonsmoking educational 
programs. 

25. 116 F.2d 539 (IOOi Cir 1M7). 

26 M »t 5*1 
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concerns and are likely to be challenged in the future.” Moreover, 
where the smoking restrictions apply only to part of the work 
force, such as new hires, they are likely to be challenged on equal 
protection grounds.** These issues have yet to be fully litigated in 
the courts. 


B. Statutory Claims 

Nonsmokers have relied upon numerous statutes attempting to 
limit smoking in the workplace or, alternatively, to obtain finan¬ 
cial benefits if they believe they cannot continue working in the 
presence of tobacco smoke. These statutory bases include federal 
and state handicap laws, disability statutes and workers' compen¬ 
sation laws.** 

Despite these attempts, the courts have generally refused to re¬ 
strict workplace smoking. Some courts, however, have held that 
employees claiming severe adverse reactions to tobacco smoke are 
“handicapped” or “disabled" or may be able to recover workers' 
compensation benefits. 

In Vickers v. Veterans Administration ,*• the court found that 
an employee was “handicapped” within the meaning of section 
504 of the Federal Rehabilitation Act of 1973“ when it found 
him to be “hypersensitive”** to tobacco smoke and physically una- 


27. Srt Mix. The Comply h W*tchi*t Yo * Enrywkert, N Y Time*, Feb. 13. 
1*7. | 4. it 21. col. 2; Leap, Cm You Fin for Off-duty CWucf.\ 66 Ha»v Bi* 
Itiv, 21*30, Jaa.*Feb. 1*8. 

21. In Grwndorf, the court specifically questioned whether the smoking ben. which 
applied only to Are fighter tmutts, could withstand an attack on equal protection grounds 
The court refused, h ow ever, to consider this issue because it was not raised by the parties. 
816 F.2d at 343 

29. The Occupational Safety and Health Act (OSHA), 29 US.C. || 651478 
(1*2) currently provides no remedy for nonsmoken seeking a smoke-free work environ¬ 
ment. Tobacco smoke is not listed by OSHA at a “toxic and hazardous substance.** S*t 29 
C.F.R. | 1910.1000* 1910.1500 (1988) Indeed, in 1987 OSHA denied a citizen petition 
requesting OSHA to daawfy tobacco smoke as s potential occupational carcinogen and 
develop a standard for “tobacco smoke.** SNA, Daily 8imit roe Exbcvtivb at A*24 
(Mar. 2, 1*7). Id addition. OSHA administrators have consistently refused to accept 
complaints baaed solely on workplace smoking and, (bus, apparently do not perc ei ve that 
environmental tobacco smoke constitute* a violation of an employer's statutory duty to pro¬ 
vide a “healthful** working en v i ron m e n t M o reov er , OSHA p ro vi des no private right of 
action for em p lo y e s who seek to rennet workplace smoking. See Federal Em p loy es for 
Nonsmoken Rights v. United Suus. 446 F. Supp. 181 (D.D.C, 1971), qfV, 598 F.24 310. 
ctn. brwrd. 444 VS. 926 (1979); Itrrm v. E. L bu Font de Nemourv 653 F.2d 915, 920 
(5tb Dr, 1*1). 

30. 549 F. Supp. 85 (W.D. Wash. 1*2). 

31. 29 U5.C. || 701*7961 (1*2). The Rehabilitation Act imposes affirmative action 
and noodtsenmi nation obligations upon a limited group of em ployers: federal agencies, fed¬ 
eral contractors, and recipients of federal assistance. 

32. The Vkktn court used the terms “hypersensitivity" and “unusually semufve" 
interchangeably. S*e 549 F. Supp. at 87. In medical term*, “hypersensitivity" is defined as 
“a state of altered reactivity in which the body reacts with an exaggerated response to a 
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We to perform his job in the presence of environmental tobacco 
smoke.** In GASP v. Mecklenburg County," however, the court 
rejected similar claims, cautioning that the term “handicap" was 
not intended to include all persons who claim to suffer from a 
pulmonary problem, however minor, or those who are simply irri¬ 
tated by tobacco smoke. 

In the workers' compensation context, a California court has 
held that a nurse who left her job because of “allergic’’ reactions 
to tobacco smoke was eligible for unemployment compensation 
until she could find alternative employment in a smoke-free envi¬ 
ronment.** A Louisiana court has denied unemployment benefits 
under similar circumstances because it found that the employee's 
preexisting allergy, which was not aggravated by her employment, 
did not constitute “good cause” for her resignation.** 

In Parodi v. Merit Systems Protection Board™ a federal em¬ 
ployee who claimed to be hypersensitive to tobacco smoke was 
found to be “disabled.” Nevertheless, the Parodi court found that 
the employee would not be entitled to disability benefits if the em¬ 
ployer offered her a reasonable accommodation by transfer to a 
comparable job in a smoke-free work area.** 

While each case is based on its own set of facts, these cases 
seem to indicate that currently only those found to have the most 


foreign agent" Dor land’s iLturnuTiD Medical Dictionary 635 (26th ad. 1911). 

Tha term must not be confused with “allergy" or “allergic reaction." To date, no spe¬ 
cific antigens have been identified in tobacco smoke , and when individuals daim to be 
"allergic" to smoke, at best, they can be said to suffer from non-specific responses to smoke 
exposure. Set Lehrer, To6ocoo Smokt Sensitivity: A Result of Allergy"*, Annals Or AL» 
uaev 56. May 1916. at MO. 

33. The Vickers court did not award any injunctive or monetary relief, however, be¬ 
cause it found that (1) tbc employer did not discriminate against plaintiff by reason of his 
handicap; and (2) the employer made reasonable efforts to accommodate plaintiff. 549 F. 
Supp. at 17-69. For a thorough analysis of the Vickers daemon see Comment Limited 
Relief for Federal Employees Hypersensitive to Tobacco Smokr. Federal Employer s 
Who d Rather Fight May Have to Switch, 59 Wash. L Riv 30 54 3 1 2-22 (I9»4). Set oho 
Department of Fair Employment and Hous. v. Fresno County, FEHC Dec. No. 11-12 (C6- 
0009 pb) 0964) (employee allergic to tobacco smoke found to be "handicapped" under 
California Fair Employment and Housing An). 

34. 42 N.C App, 225, 256 S.E-2d 477 (1979). 

35. Alexander v. California Unemployment Ins. Appeals Bd„ 104 Cali App 3d 97, 
163 Cal. Rptr. 411 (I9I0>4 See also McCrocklin v. Employment Dev. Dept, 156 Cal App. 
3d 1067, 205 Cal. Rptr. 156 (1964) (employee s "good-faith fear" that smoke-filled room 
was harmful to his health found "reasonable" and employee entitled to unemploym en t 
benefits). 

36. Billman v. Semrall. 464 So. 2d 362 (La. App. 1965), But tee Lapham v. Penn¬ 
sylvania Unemployment Compensation Bd : of Review, 103 Pa. Comm*. 144. 519 A.2d 
1101 (1967) (bronchitis sufferer entitled to collect unemployment benefits where proffered 
physical relocation was deemed not a "reasonable acco m modation"): kdcOocklin .. 156 Cal. 
App. 3d 1067, 205 Cat. Rptr. 156. 

37. 690 F.2d 731 (9th Cir. 1912). as amended, ?02 F.2d 743 (9tb Cir 1962) 

36 For a thorough analysis of Farodt. sec Comment supra now 33. at 306-22 
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severe reactions to tobacco smoke will be considered "handi¬ 
capped” or "disabled."* On the other hand, an employee who is 
merely “irritated" or “annoyed” is not typically found to be 
"medically hypersensitive." 4 * Private employers subject to state 
handicapped statutes, or federal contractors covered by section 
303 of the Rehabilitation Act of 1973, may accordingly also have 
a duty to reasonably accommodate employees found to be hyper¬ 
sensitive where such an accommodation would not pose an “undue 
hardship” on the employer or the rest of its work force. Yet, as 
the court recognized in Vickers, “the desires of those employees 
who wish to smoke cannot be disregarded.” 4 ’ 

An employer's offer to transfer the “banSicapped” individual to 
a comparable position in a smoke-free work area would appear to 
be sufficient accommodation. 4 * But when a medically hypersensi¬ 
tive employee is unable to continue working, be or she may be 
entitled to disability or workers' compensation benefits. Despite 
this fact, employers have great latitude to accommodate the com¬ 
peting interests of smoking and nonsmoking employees because 
the foregoing cases do not impose any affirmative obligation upon 
employers to restrict workplace smoking. 

C. Discrimination Claims 

There is also a possibility that employers’ policies or practices 
limiting smoking in the workplace may trigger “disparate impact” 
discrimination claims. 41 Because a greater percentage of blacks in 
the United States smoke than whites, outright hiring bans or other 
policies which unduly restrict smoking in the workplace may dis¬ 
proportionately affect black employees. 44 Thus, these actions could 


39. Set l(. Vickcn «. Vtlcnns Admin.. 549 F. Sapp. 15.17 (W.D Wuh: 1912). 

40. See. f GASP *. Mecklenburg County. 42 N.C. App 223. 256 S.E.2d 477 
(1979); Gordon v: Raven Sys. A Roearch, 462 A.2d 10. 15 (D C. App. 1913). 

41. Vickers, 549 F. Supp. at 19 

42. See Pnndu 702 F.2d at 749-5 U 

42. T)m Civil Right* Act of 1964. 42 US.C. f 2000e*2000e-|7 (1912) prohibit* em¬ 
ployer policio which, white facially neutral, “operate to ’freer*' the tutus quo of prior 
discriminatory employment practices.** Griggs v Duke Power Co., 401 VS. 424 (1971). In 
other words. Trtte VII prohibits otherwise neutral employment practices which dispropor¬ 
tionately kfleet protected groups. 

Employer smoking restrictions may also be challenged trader Title VII if individuate art 
subjected to “disparate treatment** because of their race, sex. religion or national origin. In 
such cases, the plaintiffs must prove that the empl oy er intended to trout them differently on 
account of their protected status. See McDonnell Douglas Corp. v. Green, 411 US 792 
(1973). But see Moore v. Inmont Corp.. 604 F. Sapp. 919 (W.D.N.C- 1915) (Titte VII 
daim rejected where Mack employee discharged for violating smoking policy related to 
nfety standards that was applied equally to all employees). 

44 The results of smoking prevalence studio vary depending on the year and sample 
sixe. Howe v er, the studio uniformly report t greater incidence of smoking among blacks 
than whito. For example, in !9g0. 47.7% of black mates smoked; compared with 40.2% 
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be challenged under state or federal discrimination laws. 4 * Once 
an employee shows that an employer’s otherwise neutral smoking 
policy or practice has a statistically significant disproportionate 
impact on blacks, the employee has made out a prim* facie ease 
of discrimination under Title VII. 4 * In order to defend, the em¬ 
ployer must then successfully demonstrate that the policy or prac¬ 
tice is justified by a “business necessity.’* 44 Some smoking restric¬ 
tions, such as those prohibiting smoking near hazardous or 
flammable materials, may constitute a “business necessity.” 4 * Un¬ 
less required by statute or ordinance, however, it is unlikely that 
courts would find that the preferences of co-employees or custom¬ 
ers rise to the level of a business necessity. 4 * Even so, the court 
could still find a Title VII violation if the employee proves that 
there are other alternatives which accomplish the same business 
purpose, yet have less impact on blacks.** 

Accordingly, employers need to examine carefully current or 
proposed workplace smoking restrictions to ensure that they do 
not discriminate against protected groups. If they do, the em¬ 
ployer must be prepared to establish that the smoking policy 
adopted is justified by legitimate business purposes and is the least 
drastic means of accomplishing the employer’s goals. 


of white maks. Suicion Gini*al's RipouTl supra note 5, at 49. Set also supra note 5 

45 For a comprehensive discussion of smoking and crril rights issues, see Ethridge k 
Fox. supra note 5. 

46 A prima facie cue is sufficient to prove a Tide VII violation, unless contradicted 
or ov e rcom e by other evidence. McDonnell Dougin Corp. v. Green. 411 US. 792 (1973) 

47 To prove a business necessity, an employer may show that the policy or practice 
has a "manifest relationship" to performance of the job in question (i.e., that it is a "job- 
related criterion") Alternatively, the employer may seek to prove that the policy or prac¬ 
tice in question is necessary to the safe and efficient operation of the business "(A) dis¬ 
criminatory employment practice must be shown to be necessary to safe and efficient job 
performance to survive a Titk VII challenge " Dothard v. Rawlinson, 433 US. 321, 332 
n 14 (1977); 

41. See. eg.. Moore v. In front Corp., 60S F. Supp 919, 927 (W.D.N.C. 1913) 

49 Sat Rucker v. Higher Educ. Aids Bd.. 669 F.2d 1179. 1 III (7th Cir. 1912) 
(employer is forbidden by Title VII to refuse to hire someone on racial grounds because his 
customers or dtcmelc do not like his race); Diaz v. Ran Am. World Airways, 442 F~2d 313 
(3th Cir.). cm. dewed. 404 US. 940 (1971) (Ran Am violated Title VII whea it banned 
employment of male flight attendants despite passenger preference for femak flight at¬ 
tendants); Bing v. Roadway Enter., 444 F.2d 617 (3th Cir. 1971) (invalidating a motor 
freight company's rale that an employee who desired to transfer to another job must resign 
his present position and thereby forfeit accrued employment rights. Finding the rale to 
have an advene impact on blacks, the court rejected the company's argument that the mk 
was "necessitated" by the prospect of employee unhappiness with the demise of the ruk). 
Accord Jones v. Lee Way Motor Freight. 431 F„2d 245 (IChb Cir. 1970). can domed. 401 
US. 954 (1971). 

30. Set Dothard v. Rawlinson, 433 US. 321 (1977). If an employer meets the bur¬ 
den of showing that its tests or selection devices are job-related, the burden then shifts to 
the complaining party to show that other kss discriminatory selection devices would also 
serve the employer’s legitimate interests. Str also Albemarle Riper Co. v. Moody, 422 
US 405. 425 (1973), 
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D. Common Law Claims 

An employer's general common law duty to provide a reasona¬ 
bly safe working environment for its employees has been codified 
by federal and state occupational safety and health (OSHA) 
laws.* 1 In an attempt to restrict workplace smoking, employees 
have filed several lawsuits claiming that such smoking violates this 
general common law duty. However, only one lower court deci¬ 
sion, in New Jersey, Skimp v. New Jersey Bell Telephone ,** has 
found an employer permitting smoking in the workplace to have 
violated this duty. The remainder of the courts confronted with 
this issue have declined to find the duty violated and have refused 
to restrict workplace smoking. Thus, there is currently little, if 
any, authority for imposing a common law obligation upon em¬ 
ployers to restrict smoking in the workplace. 

In Skimp , a secretary who claimed to suffer from a severe “al¬ 
lergic” reaction to tobacco smoke sought an injunction to prevent 
other employees from smoking in her work area. Plaintiff submit¬ 
ted medical opinions in support of her request for an injunction. 
The employer, on the other hand, failed to put forth any evidence 
to refute the plaintiff's claims. Not surprisingly, the New Jersey 
Superior Court found that the employer had a common law duty 
to provide safe working conditions. Accordingly, it directed the 
employer to restrict smoking to the lunchroom.** 

A key determinant of the outcome of Skimp was a lack of any 
active defense by New Jersey Bell, which filed no answer or affi¬ 
davits in opposition to the plaintiff's request for an injunction. It is 
quite possible that the result in Skimp might have been different 
had it not been uncontested and had New Jersey Bell, instead, 
presented a true "case and controversy.” Significantly, an identi¬ 
cal complaint subsequently filed by Ms. Shimp's attorney before 
the same judge on behalf of another New Jersey Bell employee 
was summarily dismissed.* 4 The only difference between the two 
cases is that the employer elected to defend itself in the later case. 

Also, seven years later in Smith v. Blue Cross d Blue Shield,** 


51. St* 2* UlS.C. tl 65 1 -STS <)H2) (FkJotI OSHA). Sactxm 654(a) MU forth the 
ao-called “general duly" clause, which requires tkai an employer “shall furnish to each of 
his em pl oye e employment and a place of employment which are free from recognized 
hazards that arc causing or likely to cause death or serious physical harm to hie employe 
eat.** S*t *ho ntpn note 29. 

Srr Biso Cal Ueon Cool tl 630tV6?ll (Dcehng Supp I'M) (Cal-OSHA). Section 
MOO provides that “(e]vcry employer shall furnish employment and a place of employment 
which are safe and healthful for the employ ees therein 

52. 145 N J. Super. 516, HI A.2d 40* (1976). 

53. «. at 531. 361 A.2d at 416. 

54. Mitchell New Jersey dell Tel. Co.. No. C-4159*76 (NJ. Super. Ct. Ch. Dtv ) 

55 No. C-HI7-IIE. 16-1? <NJ. Super Cl.. Au|. It. 19*3) 
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the New Jersey Superior Court rejected and dismissed a similar 
claim by a nonsmoking employee who also claimed to be hyper* 
sensitive to cigarette smoke. The court held that the safety of the 
workplace was to be judged by reference to the “typical” em¬ 
ployee, nor the hypersensitive employee.** Moreover, the court 
limited the bolding in Skimp, stating: 

Insofar as the Skimp case is read by some as requiring an em¬ 
ployer to institute Draconian measures to smoking employees I 
think it has to be viewed somewhat skeptically and cautiously. I 
myself have no problem at all with the basic concept of Skimp, 
that a safe workplace is required, but I must say it seems to me 
that some of the prohibitions contained in the Skimp case are 
too sweeping and go well beyond what is necessary to ensure a 
safe working place.*’ 

The court therefore concluded that the nonsmoking “supersensi¬ 
tive" employee had no right to a smoke-free environment. 

A District of Columbia court reached the same conclusion in 
Gordon v. Raven Systems d Research, Inc.** In Gordon, the em¬ 
ployer terminated an employee after she refused to work in an 
area containing some tobacco smoke. The employee subsequently 
filed a lawsuit contending that the employer was negligent in not 
providing her with a smoke-free workplace. The court dismissed 
the employee's claim, because the plaintiff had presented no evi¬ 
dence to support her allegations that tobacco smoke was harmful 
to employees. Significantly, too, the District of Columbia court 
held that the employer had no duty to conform the workplace to 
the particular needs or sensitivities of an individual employee.** 
Likewise, the trial court in Smith v. AT&T Technologics** also 
rejected an employee's claim that the employer breached its com¬ 
mon law duty to maintain a safe working environment. This con¬ 
clusion was based on the court’s finding that “the tobacco smoke 
in plaintiff'* former work area was [not] hazardous to the health 
of plaintiff or the health of the other employees in that area.”* 1 


36. Id. at 15. (“It limply is not right is terms of the way ia which toman beings 
have to relate to one another, that because someone is ss sensitive as that all ito rest of the 
world has to go through a tightly-controlled regimen of smoking discipline'*). Id. at 11. 
(“[Smokers] sre after all human bcinp with needs and feelings like every o n e else. and 
there simply is no matter of civilized management of a work force to treat smokers as 
though they wort morel lepers and to bants* them to a remote totaled area of the 
workplace**). 

57. Id. at B. 

51. 462 A.2d 10 (D C App. I9B3). 

59. Id at 15. 

60. No 4446121 ($L Louis Cty. Cir. Cl., Apr. 22. 1915). This case was on remand 
from an reriicr decision. Smith v. Western Elec. Co.. 643 S WJd 10 (Mo. App. 1912). 
which recognized that employers have a common law duty to provide a safe workplace. 

61 Smith. No. 4446121; at 3 (St Louts Cty Cir. Cl, Apr 22. 1913). 
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The court added that the employer was not required to provide a 
"comfortable” workplace." 

While there is thus far only a single ruling to support the alle¬ 
gation that environmental tobacco smoke causes harm to non- 
smokers, employers nevertheless must be careful not to retaliate 
against employees who protest corporate policies permitting smok¬ 
ing. In Htntzel v. Singer Co.,** a California court held that an 
employee could state a common law retaliatory dismissal claim 
after being terminated for protesting hazardous working condi¬ 
tions. The court did so without addressing whether the alleged 
hazard (environmental tobacco smoke) was, in fact, hazardous. 

Overall, the courts have been reluctant to find any common law 
basis for restricting workplace smoking in the absence of sufficient 
proof that environmental tobacco smoke causes significant medical 
harm to nonsmokers.* 4 With the exception of the now dated and 
criticized 1976 Skimp decision, the courts have declined to ex¬ 
pand an employer's common law duty to provide a safe working 
environment to encompass a smoke-free working environment." 


62 «. it 4. ’ 

63 131 Cal. App. 34 290. Itl Call Rptr 159 (I9S2). 

64 In fact, no link has been shown between ETS end chrome adverse health effects 
Both the Surgeon General and the National Academy of Sciences found that available 
studies preclude any firm conclusion about the relationship between exposure to ETS and 
cardiovascular disease and that further studies arc needed to determine whether any real 
link exists. Set, c.g.. Surgeon General's Report, supra note 12. at 14; NAS Report. 
supra note 12, at I t. tn addition, the Surgeon General's report concluded that **s previ¬ 
ously healthy individual would not develop chronic lung disease solely on the basts of invol¬ 
untary tobacco smoke exposure in adult life." Surgeon Genual's RxporT; svpra note 
12. at 62. Finally, both the Surgeon General land the National Academy of Sciences re¬ 
ports emphasize critical limitations on their finding of a possible connection between expo¬ 
sure to ETS and lung cancer. Upon reviewing the same evidence considered by the NAS 
and the Surgeon General, the International Agency for Research on Cancer of the World 
Health Organization concluded, also in late 1916. that the available evidence is equally 
consistent with the finding of an increase in risk or an absence of risk. IARC Monograph. 
jvpre note 12. at 306. A number of other studies published since 1916 a bo contradict the 
limited findings of t he Su rgeon General and NAS reports with respect to the purported 
relationship between ETS sad lung cancer. See. e g . Frocudo+g&. tupr* note 12. at 242- 
50. 232-51. 

65. In 1916, a Massachusetts court rejected a non sm oker’s daim against her em¬ 
ployer based on breach of contract, and intentional and negligent infliction of emotional 
distress. Bernard v. Cameron A Colby CUl. 397 Mass. 320. 491 N.E.2d 604 (1916). But. in 
McCarthy *. Washington. 110 Wash. 2d $12. 759 F.2d 351 (19»l). the Washington Su¬ 
preme Coen recently held that an employee who allegedly dev elo ped hsng disease aa a 
reauli of exposure to toba cco smoke in the workplace was not preempted by workers’ com¬ 
pensation laws from stating a cause of action against her former employer for negli¬ 
gence—a finding inconsistent with existing tabor law precedents. While four justices opined 
in dicta that e m ployen have a common law duty to provide a smoke-free work environ¬ 
ment. that conclusion was specifically rejected by a majority of the court. Stt id. at 126. 
759 F.2d at 351 (Brachtenbech, JL dissenting) In a statement issued by the Washington 
State Attorney General's office, a spokesperson for the attorney general said that the dicta 
of the three justices in McCmnky did not establish binding law on the issue of an em¬ 
ployer’* duty to provide a “reasonably safe** workplace. 26 Governmental Employment 
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Indeed, several courts that have addressed the issue to date have 
recognized the need to consider the interests of both smokers and 
oonsmokers.** 


III. Workplace Smoking Legislation 

In addition to analyzing case law, the workplace smoking issue 
demands a careful review of relevant state and local legislation.* 1 
Thirteen states to date have enacted legislation specifically regu¬ 
lating smoking in private workplaces.** These are: (l) Connecti- 
cut;** (2) Florida; 1 * (3) Iowa; 11 (4) Maine;” (5) Minnesota; 1 * (6) 
Montana; 14 (7) Nebraska; 1 * (8) New Hampshire; 1 * (9) New 
Jersey;” (10) Rhode Island; 1 * (11) Utah; 1 * (12) Vermont;** and 
(13) Washington.** 

These state laws vary greatly, especially in the degree to which 
they attempt to displace the role of the employer and its employ¬ 
ees in resolving workplace smoking issues. However, virtually all 
of the state laws have the following common features; 

(1) None-of the state laws entirely bans smoking in the 
workplace;** 


Relations Ripoit 1172 (Aug.1988). A trial on the menu in McCarthy is scheduled for 
October 1989. 

66 Set Shimp v. New Jersey Bell TeL 145 NJ. Super 516, 531; 3*6 A.2d 408. 416 
(1976); Gordon v. Raven Sys k Research. 462 A.2d 10, 15 (DC. App 1913); McCarthy . 
NO Wash. 2d at 121-22, 759 PJd at 355*56. 

67 There b ao federal legislation refulating smoking in private workpieces. The 
United States g ov e rnment has. however, adopted smoking restrictions covering the 6.100 
buildinp controlled by the General Services Administration. These restrict »oro apply te 
approximately 890.000 federal employees. Stt 41 C.F.R. Part 101*20.105*3. la addition, 
the Federal tabor Relations Authority has recently restricted the ability of several federal 
agencies to change smoking policy without first negotiating with bargaining units. Treasury 
Employees Union Chapter 250, 33 FLRA No. I. 61*74 (Before Calhoun and McKee) 
(Oct. 13. 1988), NOs. 0-NG-1324. O-NG-1536 and 0-NG-1545. 

68. This figure represents only those states with laws specifically aimed at private 
sector workplaces. It docs not include the various laws regulating smoking by public sector 
employees in gov e rnme n t-owned beildinp or those public safety or occupational regula¬ 
tions pertaining to smoking. 

69 Conn Gin Stat Ann | 31—40q (West 1987 k Sapp. 1988) 

70. Fla. St at. Ann | 386.202—386^09 (Wet 1986):. 

71. Iowa Cool Ann f 98A. 1—98A.6 (Wet Sepp. 1988). 

72. Ml. Riv Stat. Ann lit 22. | 1580-A (Supp 1988) 

73. Minn Stat Ann || 144 411—144 417 (West Sepp. 1919). 

74. Mont Cool Ann || 50-40* 101—50-40-109 (1987) 

75. Nia Riv Stat || 71-5701—71-5713 (19*6). 

76 N.H. Rev Stat. Ann || 155:50—153:53 (Supp. 1988). 

77. NJ. Stat Ann ch. l»4, || 26:3D-23—26:3D-3l (W« 1987). 

78. R.I. G«n Laws |f 23-20.7-1—23.20.7*7 (Supp. 1988); 

79 Utah Coot Ann || 76-10-101. 76-10-106. 76-10-108—76-10-110 (Supp 
1988) 

10 VT Stat Ann. t*. 18. fi 1421—1428 (Supp 1988). 

81 Wash Rfv Cow Ann } 70.160 010—70.160.900 (West Supp 1988) 

82 In a recent electjon in Oregon. Proposition 6—which would have imposed a w- 
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(2) Most state laws do not prohibit smoking in specific areas; 

(3) Most provide exceptions foT enclosed private offices; and 

(4) Most provide for only minor penalties, such as minimal 
fines, for violations. 

Local city, county, or other municipal ordinances may also re¬ 
strict smoking in private workplaces." Local ordinances are often 
more restrictive and specific than state statutes." Local ordi¬ 
nances may specifically limit smoking in particular areas of the 
workplace. Some of these local laws, such as the San Francisco, 
California ordinance, also accord preferential rights to nonsmok¬ 
ing employees within their work area. 

Workplace smoking laws can be generally categorized into 
three groups, according to the degree to which they intrude upon 
an employer’s discretion. These categories are: (1) the “least in¬ 
trusive” laws, (2) the “partially intrusive” laws, and (3) the “most 
intrusive” laws. 

The least intrusive laws are relatively straightforward. They 
merely require the employer to establish, post and implement a 
written policy regarding smoking in the workplace. These laws 
leave the specifics to the individual employers and do not dictate 
the content of the policy. For example. New Hampshire's work¬ 
place smoking law merely states: 

An employer shall, within 6 months of the effective date of this 
subdivision, establish and implement written rules governing 
smoking and nonsmoking in the workplace. The rules shall be 
readily available for viewing by the employees and may include 
the designation of smoking and nonsmoking areas. Upon re¬ 
quest. the employer shall provide a copy of the written rules to 
any employee." 

Least intrusive laws can also be found in Connecticut, Maine and 
Montana. 

The partially intrusive laws are somewhat more specific. They 
typically spell out the particulars that employers must include in 
smoking policies, and indicate the types of efforts required of an 
employer to accommodate nonsmoking employees. Often they in¬ 
dicate a presumption that smoking should be prohibited in all ar¬ 
eas excepi where it is specifically permitted. 

Many partially intrusive laws require the employer to allocate 
smoking and nonsmoking areas based on the numbers of smokers 


ta*l tea oa smoking ia all public places, including places of work—was defeats* by a three 
to (wo margin. 

13. Hundreds of local ordinances impact smoking in the workplace. The majority of 
these art located in California. BN A. Sri cut. RtroiT, supr* note Lit 66 

14. I* Florida and Oklahoma, state law preempts all local smoking ordinances 

15. N H Rfv Stat Ann | 135:32(1) (Supp. 19*8). 
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and nonsmokers. In addition, some state laws require employers to 
place physical barriers or “buffer zones” between smoking and 
nonsmoking employees. States with partially intrusive laws in¬ 
clude Florida, Minnesota, Nebraska and Utah. 

The most intrusive laws impose significantly greater burdens on 
employers and limit management’s discretion. These laws gener¬ 
ally dictate which portions of the workplace must be designated as 
no-smoking areas. Also, these laws usually specify the percentage 
of space in employee cafeterias, lunchrooms and lounges that must 
be reserved for nonsmokers. In some instances, these most intru¬ 
sive laws give nonsmoking employees superior rights over smokers. 
For example, the local ordinance in Palo Alto, California, provides 
that “[i]n any dispute arising under the policy, the rights of the 
nonsmoker shall be given precedence.”** 

A. Objections to Legislation Concerning Workplace Smoking 

The primary and most obvious objection to legislative enforce¬ 
ment of workplace smoking is that it usurps the ability of employ¬ 
ers to deal individually with employee concerns as they arise. Leg¬ 
islation does not add to management’s bevy of rights; rather, such 
legislation takes away the considerable flexibility employers have 
historically enjoyed in this area. In addition, there are numerous 
other potential objections to legislation covering workplace 
smoking. 

First, smoking laws, like workplace smoking policies, can be dif¬ 
ficult to enforce. Regardless of whether this responsibility is 
placed on the employer or some governmental body, such as a law 
enforcement agency or local health department, limited resources 
and personnel makes rigorous enforcement of workplace smoking 
laws unlikely. Second, because workplace smoking is generally 
considered to be a mandatory subject of bargaining,* 7 legislative 
restrictions may create conflicts between employers and unions. 
Third, restrictions imposed by smoking legislation may interfere 
with worker efficiency. For example, where compliance with the 
law requires employers to rearrange work areas or segregate 
smoking and nonsmoking employees, an employer’s operations 
may be disrupted and productivity decreased.** Fourth, smoking 


M. Fak> Alto Mumdpol Code, ch. 9.14. effective Feb », I W4. 

17 Sr* imfr* MU 93. 

It. According to one study. of those tmph ym polled which have implement ad 
amoking rmhcuom. seven perce nt responded that their policies have had a notable effect 
on company costs. Eight p ercen t indicated that employee productivity increased, while 
three percent reported that that restriction* had e detrimental 1 effect on employee produc¬ 
tivity SNA. SrictAL RfKHtT. supra note 1, at 22-13. For an economist’s new of the 
“social costs'* of smoking, including lost production, workplace efhcicncy and absenteeism, 
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laws which give nonsmokers unlimited power to dictate the com¬ 
pany policy for all workers are likely to be perceived as unfair by 
others, especially employees who smoke. For instance, a local ordi¬ 
nance in San Francisco allows even one employee to veto an em¬ 
ployer's smoking policy in that employee’s “office workplace.”** 
These types of policies will undoubtedly create resentment among 
some employees and foster the perception that employers unfairly 
favor nonsmokers.** Fifth, where legislation requires employers to 
physically separate smokers and nonsmokers, employers may ex¬ 
perience a loss of managerial freedom. Finally, some state or local 
laws regulating smoking in the workplace are likely to be chal¬ 
lenged on constitutional or other grounds, and may thus embroil 
employers in resulting litigation.* 1 
As a result of these problems, smoking in the workplace is often 
best left to the discretion of management and its employees. Ex¬ 
cessive regulation in this area substantially undermines an em¬ 
ployer’s ability to respond flexibly to smoking-related problems, 
while at the same time it creates a morass of practical and legal 
problems. Moreover, smoking ordinances are not a panacea. They 
cannot take into account the peculiarities of each workplace, nor 
can they address the unique problems and personalities involved in 
any given situation. Employers must still resolve the competing 
interests of smoking and nonsmoking employees. 


see R Toluson k R Wagnml Smoking and txi State ch. 3 (1911) 

19. San Francisco Municipal Health Code. Smoking Pollution Control Ordinance 
No. 294*43 (Proposition P). effective Mar. I* 1914. 

90. Thus far. employee sentiments about smoking policies have been mued. Overall. 
42% of recent survey respondents aid the smoken thmk their policy is "about right*” 
while 33% indicated the rules were too restrictive: 53% of firms with policies said that 
aonsmokers were satisfied, while 33% said nonsmokers wanted tougher rest net ions. BN A, 
Sfccial Rkkmlt, supm note I. at 22, 

Press accounts of employee sentiment are deodedly mixed as well. 5 n Do You Smoke 9 
Drink 9 If So. Some Employers Soy. You U ay as Welt Stay Home . Busin is Fiarr-Co- 
Lumnus. vd. 3. no. 36, | 2. at 3; The Company Is Watching You Everywhere, N.Y. Times. 
Feb. 15. 1917. | 4. at 21. cd. 2. (Editorial Desk); Some Workers Upset by Compmny 
Smoking Ban. AP. Jan. 21* 1917; Bans. Red Ink Smoking * A Burning Issue . L A. Times. 
Nov. 21. 1915, | 1. at 1. col. I* (Metro Desk); Where Theres Smoke. There's Ire: After 
Years on the Defensive. Smokers Tight Back. L.A, Tunes, Jan. 14. I9t|. f 4. at II. ed. t. 

91. The primary challenge is that smoking laws are often too vague to set definite 
standards of compliance for employers. Indeed, several smoking ordinances have already 
been struck down as unconstitutionally vague. Set. e g.. Florida v. Burton. No. IO-999CO- 
A-42 (Fla Cir Cl. 1941) (ordinance restricting smoking in public places unconstitutionally 
vague); Greater Rockford Food Sem. v. On be* ft r. N6. 7b* 2447 (III. Cir Cl. 1976) (ordi¬ 
nance restricting smoking in public place struck down as unduly vague and in violation of 
constitutional guarantee of equal protection) 
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IV. Labor Relations Issue 

Unionized employers seeking to adopt workplace smoking poli¬ 
cies, including policies necessitated by statute or ordinance, must 
consider whether such policies can be adopted unilaterally without 
bargaining with the union and whether the policy violates the col¬ 
lective bargaining agreement.** 

The National Labor Relations Act** (NLRA) prohibits an em¬ 
ployer from unilaterally changing the terms and conditions of em¬ 
ployment without bargaining with the union representing the em¬ 
ployees. Failure to do so constitutes an unfair labor practice under 
section 8(a)(5) of the NLRA.* 4 

Rules governing workplace smoking have been held to be 
“terms and conditions of employment" and, accordingly, are sub¬ 
ject to mandatory collective bargaining.** Thus, unless the collec¬ 
tive bargaining agreement includes a broad “management rights" 
clause** permitting the employer to unilaterally establish plant 
rules, the employer must first bargain with the union prior to re¬ 
stricting smoking in the workplace.* 7 This is especially true in sit- 


92, In 1986. ihc AFL-CIO issued s National Resolution opposing unilateral at¬ 
tempts by management to impose workplace smoking policies It provides, in pan: 

Unions are faced with legislation or unilaterally imposed employer policies that 
forbid smoking on the job and infringe on the rights of workers who smoke Un¬ 
ions have a kg*I responsibility to represent the interests of all their mem¬ 
bers—smokers and nonsmoken. The AFL-ClO believes that issues related to 
smoking on the job can best be worked out voluntarily individual workplaces 
between labor and management in a manner, that protects the in teres is and nghis 
of all workers and not by legislative mandate. 

See BNA. SPICUL Riport. supra note 1. app D at 2. There have also been scattered 
reports that rules retarding smoking in the workplace have become issues in union organir- 
ing drives 

93 29 US C !| 151-169 (1912); 

94 29 US.C. | 158UK5) (1982) The National Labor Relations Board has broad 
powers to prevent and/or remedy unfair, labor practices Set generally 29 U S C. | 160 

0982)i 

95. See Chermromcs. Inc., 236 NLRB No. 21 0978). See also Pennsylvania v 
Pennsylvania Labor Relations Bd.. 74 Pa. Commw. 1. 459 A.2d 452 (1913) (**lr)he subject 
of whether employees may smoke at their workplaces appears to be at the center of thoae 
subjects proper!v described as 'conditions of employment' **). Set also Galknkamp Stores 
v NLRB. 402 F.2d 525 <9ih Cir. 1966); S. S- Kreage v. NLRB. 416 F.2d 1225 (6th Cir. 
1969); Wintergarden Citrus Prod. v. NLRB. 238 F.2d 121. 129 (5th Cir. 1956); NLRB v. 
Hilton Mobik Homes. 387 FJd 7, 10-M (6th Cir. 1967). 

. 96. An employer may insist upon a broad "management rights” da use Set NLRB 
v. American Nkil las. Co., >43 VS, 395 (1952). In general, such clauses give employers 
considerably more discretion over specific aspects of employment, which may include pro¬ 
motions. transfers, plant rules, etc. It is significant that the NLRB General Counsel has 
recently issued guidelines stating that employers must bargain with tbeir unions before 
instituting any drug-testing policy Set NLRB Memorandum GC 87-5 (Sept. 8. 1967) 
The NLRB may adopt a similar position regarding smoking policies. 

97 To date, no court has found a management nghu clause sufficiently broad to 
permit the unilateral imposition of a smoking policy. In Pennsylvania v Pennsylvania La¬ 
bor Relations Bd. 7a Pa. Comm* l. 459 A.2d 452 (1983) the court rejected an em- 
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nations where smoking is a recognized right or privilege of 
employment. 

This issue was discussed in In re Parker Pen US-A. m In this 
case, the employer—who had permitted on-the-job smoking for 
over twenty years—unilaterally abolished employee smoking 
rights that were guaranteed under the collective bargaining agree¬ 
ment. The employer allegedly did so for health reasons after re¬ 
ceiving the Surgeon General's 1986 report on involuntary smok- 
fng" In resolving an employee grievance, the arbitrator held that 
“both parties have an interest in addressing the profound issue 
raised by the employer concerning the safety of the workplace." 1 ** 
Accordingly, the arbitrator invalidated the employer's smoking 
ban until any changes could be bargained over during upcoming 
negotiations. 

Even where the employer is required to impose smoking restric¬ 
tions pursuant to state statute or local ordinance, it should bargain 
over all discretionary aspects of the rule. 1 * 1 In practice, bargaining 
will be routinely required because most workplace smoking laws 
leave a considerable amount of discretion to employers. 1 " 

Even if the unilateral implementation of a smoking policy does 
not violate the NLRA, it may nonetheless violate the collective 


ptoycr’s argument that ti had the “inherent managerial** authority 10 determine unilater¬ 
ally whether to permit smoking at employee wort stations. In the arbitration setting 
compart Ohio Dept, of Health, 19 Ub. Arb, (BNA) 93*? (1917) (Cohen. Arb);Moreliie 
Equip. Co„ 19 Lab Arb (SNA) 777 (I9S7) (Stoltenberg. Arb.); Snap-On Tool* Corp . 97 
Lab Arb. (BNA) 795 (1996) (Berman, Arb ); National Pen A Penal Co,. 17 Lab. Arb 
(BNA) 1091 (1996) (Nicholas. Arb.); Litton Indus.. 75 Lab. Arb. (BNA) 309 (1990) 
(Grabb. Arb ); and Sherwood Medical Indus. 72 Ub. Arb. (BNA) 259 (1977) (Varow- 
afcy. Arb ) (smoking restrictions upheld) with Dental Command. Dept, of the Army 13 
Lab. Arb. (BNA) (Allen. Arb.) 529 (1914); Union Sanitary Dial.. 79 Lab. Arb. (SNA) 
193 (1992) (Koven. Arb); and Schien Body A Equip. Co. 69 Ub. Arb (BNA) 930 
(1977) (Roberta. Arb.) (smoking rest net ions invalid). 

99 90 Ub. Arb. (BNA) 419 (1997) (Fksschii, Arb ). 

99. Set SuiGto* Ginuai's Aik>ut. supra nou 12. 

100. 90 Ub. Art. at 496. 

101. There are no “smoking policy** cases directly an this point. The institution of a 
smoking policy would constitute a "term and condition" of employment and. therefore, be 
a mandatory subject of bargaining. Set supra note 95 and cases died therein. Nevenhe- 
Im, neither union nor management may require the other to agree to provwons that are 
uaiawful or prohibited. Meat Cutters Local 421. 91 N-L.R.B. 1052 (1949); Borg-Warner 
v. NLRB. 356 U.S. 342 11959). Thus, proposed or enisling provisions that directly conflict 
with legislation automatically becom e illegal or unenforceable. Hughes Tool Co.. 147 
N L.R.B. 1573 (1964); Savannah Printing Specialties A Paper Prod. Local 6 04 v Union 
Camp Co~, 50 F. Supp 632 (S.D. Ga. 1972). Legislation that provides employers with 
discretion, however, such as that which simply requires employers to “adopt" a smoking 
policy, would not be affected. That u. the particular discretionary aspects of the policy 
would still be a mandatory subject of bargaining. 

102: For example, the New Hampshire law died at supra text accompanying note 
t5. merely directs the employer to adopt a smoking policy Ait of the specifics are left to 
the discretion of each individual employer. 
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bargaining agreement. Arbitral decisions have consistently stated 
that to be valid, an employer rule must be reasonable under the 
circumstances and nondiscriminatory in application.’** Arbitrators 
have struck down employer smoking policies that fail to meet this 
standard. 

In Union Sanitary District, 1 ** the arbitrator found that the em¬ 
ployer could not unilaterally prohibit employees from smoking in 
their offices. Specifically, the arbitrator found that the absolute 
prohibition was arbitrary because there was no adequate basis for 
the rule. Although the employer stated it wanted to protect non¬ 
smoking employees, the evidence showed there were only two bar¬ 
gaining unit members in the building who smoked; for six hours a 
day they were not in their offices but were out in the field; and no 
one complained about the smoking. Moreover, the California In¬ 
door Clean Air Act of 1976,’** which the employer cited to justify 
its ban, did not require a ban on smoking. Rather, that Act con¬ 
templates a relatively flexible regulation of smoking which recog¬ 
nizes the rights of both smokers and nonsmokers.’** 

V. How Should Employers Respond to the Workplace 
Smoking Issue? 

Each employer’s reaction to the workplace smoking issue will, 
naturally, depend on the needs and circumstances of its work¬ 
place. It is important in any situation to encourage a spirit of co¬ 
operation and communication among employees and management. 
Indeed, a recent survey of 1,100 employers indicated that over 
seventy percent expect employees to address workplace smoking 
issues among themselves before invoking management’s time and 


103. S*f Ufitted Tete. Co. of Florida, 71 tab. Arb. (BNA) 165 (1912 Hdesig nation 
of no-smoking table in cafeteria upheld as reasonable in light of company and union's 
interests in maintaining a healthy work environment and minimizing cipense* and poten¬ 
tial liability), H-N Advertising k Duplay Co.. 11 Lab. Arb. (BNA) 329 (1916). 11 Lab. 
Arb. (BNA) 13U (1917)(rule banning smoking in am of plant where combustibles are 
stored was reasonable and aondbenminalory where worker safety was primary reason for 
expanding rate and implementation of mensem to improve safety is normally management 
prerogative). See *ise supra note 97. 

106. 79 Lab. Arb. (SNA) 193 (IH2) (Korea. Arb) 

103. Cail Hraltu k SAfmr Coo* | 23940-25947 (Dachng I91g) 

106. See miso Schitn Body k Equip Corp . 49 Lab Arb. (BNA) 930 (1977) (Bob- 
am. Arb.) (employer pthm-wide smoking ban unreasonable because there was no proof 
that the rule dearly banefttted aonsmoken since work area was well ventilated, eor was 
there any indication that the ban directly improved workers' health). But cf. Ohio Dept, of 
Health. 19 Lab. Arb- (BNA) 937 (1917) (Cohen. Arb.) (suit's modified smoking policy 
for health department employees found reasonably related to legitimate objectivesV. More- 
Ktc Equip. Co.. 11 Lab. Arb. (BNA) 777 (1917) (Siolicnberg. Arb.) (smoking ban at 
workstations reasonable ia view of Arc dangers): Litton Indus.. 75 Lab Arb. (BNA) 301 
(1910) (Crabb, Arb ) (rule limiting smoking to specific areas reasonable) 
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efforts. 1 *’ Employers should also consider the following specific 
issues: 

(1) Is there an open line of communication so that employees 
can effectively express their concerns and thereby informally re¬ 
solve smoking-related disputes? 

(2) Have employees complained about co-workers’ smoking or 
tobacco smoke in the work environment? 

(3) If employees have complained, bow many have done so, and 
on what basis? Are such complaints properly attributable to em¬ 
ployee rivalries or individual medical hypersensitivity(ies)? 

(4) Is poor ventilation the cause of actual or perceived indoor 
air quality problems? 1 ** 

(5) Would the imposition of smoking restrictions in the work¬ 
place decrease productivity, adversely affect employee morale, vio¬ 
late the provisions of a collective-bargaining agreement or give 
rise to discrimination claims? 

(6) Could smoking disputes be resolved by management 
through less drastic means, such as separating smokers from non- 
smokers, erecting partitions or improving the company’s ventila¬ 
tion system? 

After evaluating the work environment based on the foregoing 
considerations, and addressing the likely accommodation options, 
an employer should decide whether it is necessary to implement a 
formal smoking policy.‘** 


107. Human Resources Poua _Corp_ Smoking Poucm in Large Corpora¬ 
tions (May I9S&) [heron* ft er Smoking Policies) See oho BN A. Special Report, 
supra note 1. ti 26 figure E (72% of surveyed emptoyen urged employees to metre invok¬ 
ing-re i* ted problem* themselves). 

Other employer responses to compUints of workplace smoking included: (1) Attempt to 
get smoker to reduce smoking (22.5%); (2) do nothing (9.7%); (3) move com plat net to 
new work area (6.3%); (4) more smoker to new work *rea (3.4%); (5) other measures 
(3.1 %); and (6) order smoker to discontinue smoking (0.9%) Smoking Policies, supra, 
at 12. Table 13. Set also BNa. Special Report, supra note 1. at 26 

lOt. There is substantial evidence that air quality complaint* arc indicative of a 
much larger problem. i.«., inadequate ventilation. For example, a January 1917 report pre¬ 
pared by the National Institute for Occupational Safety and Health (NIOSH) attributed 
52% of complaints connected to indoor air quality to M inadequate ventilation." Only [7% 
at the complainu were attributable to indoor contaminants, including tobacco smoke 
(which accounted for only 2%). In addition, chemicals emitted from carpeting, furniture 
and copying machines also contribute to indoor air contamination. BN A. Special Report. 
supra note t. at 9-10. Similarly, according to a report entitled Sourer Nature and 
Symptomoiogy of Indoor Air Pollutants prepared by ACVA. Atlantia, Inc^ a Fairfax. 
Virginia company specialixing in the study and assessment of indoor air pollution, environ¬ 
mental tobacco smoke was found to be the immediate cause of indoor air problems in only 
four percent of the 233 major buildinp investigated between 1911 and 1917. ACVA, 
Atlantia. Inc. Source. Nature and Symptomology op Indoor Air Pollutants 9-11 
(1917). 

109. A majority (63 1%) of the 1,100 corporation* who responded to the Smoking 
Poucm survey bad not adopted any formal smoking policy The survey a bo found that 
the companies moat likely to have smoking policies art geographically located in area* with 
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VI. Drafting A Smoking Poucy 

In jurisdictions where workplace smoking is governed by • state 
statute or local ordinance, employers must conform their policies 
and practices to the law. In some circumstances, this may require 
employers to adopt a. formal smoking policy. In the vast majority 
of jurisdictions, however, employers are still free to decide 
whether a smoking policy is necessary or appropriate. In doing so, 
employers may want to evaluate whether there is a predicate for 
action. In this regard* they may find it useful to survey their em¬ 
ployees to see if there is a consensus of opinion. Management may 
also want to consult its labor unions, if any. 

Should a company decide that a formal written policy is neces¬ 
sary, the specifics of the policy will naturally depend upon the in¬ 
dividual aspects of the workplace. Because of local differences, 
particularly in those companies with decentralized decision mak¬ 
ing, some companies have developed a smoking policy applicable 
to only some divisions, offices or plants. Other employers have 
adopted a smoking policy in response to a specific problem or 
where they are governed by a particular local ordinance. In addi¬ 
tion, companies tend to vary their smoking policies depending 
upon the degree of specificity desired. A less specific smoking pol¬ 
icy aimed at promoting cooperation and consideration might, for 
example, state: 

It is our policy to make every reasonable effort to accommodate 
all employees within the constraints imposed by our physical 
structure and financial resources. It is our firm conviction that 
the wishes of smokers and nonsmokers can best be resolved 
through cooperation, dialogue and common courtesy. Should a 
dispute or concern arise, management and employees should 
work together to seek a reasonable resolution consistent with 
this policy. 

A nonspecific policy such as this will increase flexibility and allow 
management to resolve individual disputes on a case-by-case basis. 

In contrast, some employers may opt for a smoking policy with 
a greater degree of specificity. For instance, the employer may 
want to designate particular smoking or nonsmoking areas or 
workstations. The specific locations covered may include: private 
offices, hallways, conference rooms, lunch rooms, restrooms and 
auditoriums.* 1 * 


workplace tmokinf tow*, Smo&ing Pouan. sup** not* 107, *i 4. Mort recently, i 
smaller BNA survey of 423 empl oy er* indicated that a minority (43%) of employers have 
not adopted any workplace smoking policy BN A, Skoal Rvk>*t. sup** note I. at 2. 

UO. Ilf enforced in an arbitrary or discriminatory manner, a smoking policy may 
Mftbjcci an employer to potential liability. Indeed, inequitable enforcement could foster em¬ 
ployee discontent and possibly support claims premised on breach of contract or tort claims 


Source: https://www.industrydocuments.ucsf.edu/docs/zqyxOOOO 
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Smoking bans, while rare, pose more serious problems.* 1 ’ This 
is especially true if they proscribe off-duty behavior. In addition to 
employee morale problems, these bans are likely to give rise to a 
morass of legal claims.*'* For these reasons, employers should be 
extremely cautious before considering a total ban on workplace 
smoking. 


Conclusion 

Smoking can be the subject of emotional debate in the work¬ 
place. There are few uniform answers to guide management in 
dealing with the issue. But, left with enough flexibility to address 
the concerns of all of their employees, most employers generally 
find that they can resolve smoking disputes by undertaking practi¬ 
cal accommodations on a case-by-case basis. 

Some specific options for resolving smoking disputes include: 
(1) separating smokers from nonsmokers; (2) moving nonsmokers 
closer to windows or fresh air ducts; and (3) improving ventilation 
throughout the workplace. However difficult and legally complex 
the smoking in the workplace issue has become, one thing is clear; 
Employers have an obligation to accommodate the competing in¬ 
terests of smoking and nonsmoking employees. It is equally clear 
that in an era of increasing labor shortages, employers are redou¬ 
bling their efforts to select and retain skilled and experienced 
workers—smokers as well as nonsmokers. 


against employer* or individual supervisors. Set Carroll v Tennessee V»lky Auth., 897 F 
Supp. 50* (D D C. 1918) (public employer not shielded from potential ton liability under 
“official immunity** doctrine, because supervisor who failed to enforce smokinf policy acted 
outside course and scope of his employment). In Corns//, the plaintiff claimed that she had 
developed lung disease allegedly from exposure to environmental tobacco smoke on the job 
In addition, she alleged that her supervisors took repmab against her by giving her poor 
performance evaluations, assigning her demeaning work and questioning the seriousness of 
her health claims On November I. 1981. Uw case was settled for as u n d iscl ose d sum of 

I I I. The vast majority of employ er s with smoking policies do not ban smoking en¬ 
tirely As noted above, those which do typically do so due to product (food) contamination 
conc e rn s or because flammable materials are produced or stored in the workplace. And few 
(five percent) give hiring preference to nonsmoking job applicants. BN A. Spbcial Riroti, 
supra note 1. at 17. 22. One notable exception pertains to police and fire depart menu, 
which are faced with unique workers' compensation issues. Set supr a notes 24-28 and ac¬ 
companying text. Set oho Bans. Med Ink: Smoking: A Burning Work Issue, supra note 90 
(Pacific Northwest Beil bans smoking in all facilities: Radar Electric of Seattle will not 
hire smokers; Capital City Products conducts seminars to help employees quit smoking) 

112. For a thorough discussion of smoking bans, sec Rothstein. supra note 24. at 
940 
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HEALTH EFFECTS OF PASSIVE SMOKING IN THE 
WORKPLACE 

WAjC m r fo nl 

Cocsuitxnt Id Occupational Health It P r mBtrt hf Medicine, 29 Batik Bookvarde, Seaforth, NSW 2092, Australia 


s being induced in the non^snoker subjected to other people's tobacco 
concern is being Induced in saokers that they disadvantage the health 
II a ventilation eysten cannot cope with BTS it will not cope with 


live In unhygienic hones and nany of then are saokers. Despite these 
conditions the expectation of longevity continues to leprove. This 

lnprovenent takes aany people into the older age groups and thus the cumulative 
dosage of agents hostile to the respiratory system has increased. 

It Is with this conplex snvlronnental background of pollutants that the 
health effects of sxposure to BTS in the workplace Is addressed. It is of 
note that only two papers located have addressed the subject. They are Vhlte 
and Froeb (1) in Southern California and Kentner C2> In Bavaria. Vhlte and 
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Froeb (1) studied lung function and acquired suspect results. The Kentner (2) 
study found no adverse effects, la studies hare been located which addressed 
lung or other cancers In nonsaokers In workplaces where smoking was permitted' 
or was not permitted. 

It is of note that the major study of smoking in the workplace and its 
health effects Is that of the OS Surgeon General (3) in IMS and In that 516 
page document, ETS recelres only four minor mentions and these pertain to the 
asbestos using Industries. The pioneering works published In 1961 on lung 
cancer and passive smoking by Hirayame (4> In Japan and Trichopoulos C5> in 
Greece and Garflnkel (6) et al in the USA had some four years earlier proposed 
serious hypotheses. The hypotheses are still under test in 1966. 
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BISTOHIGAL BACIGBOGID 

The Surgeon General*s (3) 1985 report on smoking and health in the workplace 
emphasises the opportunities to conduct anti''smoking and smoking cessation 
campaigns In these relatively closed communities with their relatively captive 
employees. 

There was an Immediate hostile response lrom the AFl^CIQ (7), the US Trade 
Unions organisation which included: 

•The Surgeon General's report on The Bealth Consequences of Smoking - Cancer 
and Chronic Lung Disease In the Vorkplace will seriously set back efforts to 
protect the bealth of American workers. 

“The report minimites and misrepresents the risks posed by occupational 
hazards, and suggests that If workers stop smoking they will eliminate the risk 
of occupational disease. In fact, the way to eliminate occupational disease 
is by reducing workplace hazards, 

•Unfortunately, this latest report edds no mew scientific information to our 
knowledge of the risks posed to workers on the job. 

•This report can only hurt workers by undermining efforts to control 
workplace hazards. It will lead to misdiagnosis of occupational disease. It 
will moke it even more difficult for workers suffering occupationally-related 
disease to secure compensation to which they arm entitled. And It will be 
used by those who are responsible for poisoning workers to avoid legal 
liability. 

■Issuing a report that Is scientifically unsound detracts from efforts of 
the Surgeon General and others to deal with the serious public health problems 
of both smoking and occupational disease,* 

In 1966 two major reports on the health effacta of ETS were published. One 
by the US lational Academy of Science <8> and tha other by the US Surgeon 
General C9>. leltbar of these massive reports references new studies In the 
workplace. They review the studies of health effects in adults with regard to 
respiratory function and disease, cardiovascular function and disease and lung 
cancers in the nonsmoking spouses of active smokers, the spouses were 
dominantly women. (Their reviews of the affect on children is not relevant to 
this contribution to the debate on ETS in the workplace). 

Basically, from the studies on BTS reported, there is Inadequate data on 
respiratory effects in workers because of the massive and diverse confounding 
factors In the workplace and general industrial areas. There le even less 
data on cardiovascular effects, If any at all, in healthy adults. This la the 
conclusion of the lational Acadesy of Science (6) advisers. 

The most potent tool in the hands of those using exposure to BTS to bolster 
anti-smoklng caspalgna aimed at tha public, the workforce and politicians Is 
the threat of lung cancer induction. The bases for this tool are the 

epidemiological reports of the US Department of Bealth (9) 1986, the lational 
Academy of Science/lational Research Council (ft) 19«6, and the International 
Agency for lesaarch on Cancer (10) 1966. There have also been conflicting 
personal views expressed, Avlado (11) 19B6, Vald (12) 1967, Lebowitx (13) 1966 
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Bonsmokere. This should haw been observed Is tbs ftsli population for the 
last 40 years. As more and sore sen smoke, more women passively lnbala the 
smoke of tbalr husbands. GarfIntel and 1 agree that there has been no 
significant Increase in the Incidence of lung cancer in Bale or female 
nonsaokers. In this case we have a nonflt." 

Hlrayama 06) contributed to the probles by saying: 

*To me, "direct passive sacking* Beans the subject is within a distance of 1 
or 1.5 a froa the source of exposure. That kind of experlBental setup Bust be 
possible. The two Issues of distance and dose should be differentiated when 
considering the polluting of roon air by tobacco SBoke. In actual experience, 
these two factors act together. This Is true In tbs example of an office 
worker whose dose will depend on the distance be sits fro* a heavy smoker. In 
By opinion, rooa air contamination By not play a sajor role In a carcinogenic 
effect of passive seeking - at least in Japan - because my own data suggest 
that direct passive sacking is far acre important." 

Doll and Peto (21 > In tbalr assessment of avoidable risks of cancer In the 
OS, commissioned by the Office of Technology Assessment of the OS Congress also 
state independently of Garfinkel: 

"Pending further data, w« remain conconvlnced that any material trends in 
true lung cancer death rates among American nonsmoktrs have occurred In recent 
decades (although some such increases should be expected If the effeots of 
"passive" smoking reported by Hirayamm (1961) ond Trichopoulos et ol (1961) are 
confirmed). A fortiori, we are even less convinced that any such trends not 
attributable to passive smoking among nonsmokers have occurred." 

The International Agency for Research in Cancer (10) 1966 reviewed the 
overall biological 1 data and the epidemiological data and concluded: 

"Examination of smoke from the different sources shows that all three types 
contain chemicals that are both carcinogenic and autagenic. The amounts 
absorbed by passive saokers are, however, small, and effects are unlikely to be 
detectable unless exposure is substantial and very large numbers of people are 
observed. The observations on nonsmokers that have been made so far are 
compatible with either an Increased risk from 'passive' smoking or an absence 
of risk. Knowledge of the nature of sidestream and mainstream smoke, of the 
materials absorbed during 'passive* smoking, and of the quantitative 
relationships between dose and effect that are commonly observed from exposure 
to carcinogens, however, leads to the conclusion that passive smoking gives 
rise to some risk of cancer." 

VHAT ARE THE KJOVI AID SUSPECTED COMPETITORS 
II THE VORXPLACE AID IIDUSTFlAt AREAS? 

The Doll and Peto (21) report lists the established occupational causes of 

cancer for lung as arsenic, asbestos, blschloromethyl ether, chromium, ionising 
radiations, mustard gas, nickel and polycyclic aromatic hydrocarbons. 

Occupations with raised Standardised Mortality Ratios for lung cancer are also 
tabled: Miners and quarrymen, gas, coke and chemicals makers, glass and ceramic 
makers, furnace, forge, foundry,, rolling mill workers, electrical and 
electronic workers, engineering and allied trades workers n.e.c., woodworkers, 
leather workers, clothing workers, food, drink and tobacco workers, 

construction workers, painters and decorators, drivers of stationery engines, 
cranes, etc., labourers n.e.c., transport and communication workers, 

warehousemen, storekeepers, peckers, bottlers, end service,, sport end 
recreation workers. 

In tbe occupational oriented medical journals 1966-67 lung cancer Increased 
risks have been reported for exposure to formaldehyde, wood dust, 
acrylonitrile, carbon black, benzene, diesel exhaust, wood and chemicals end 
man made vitreous fibres and for rubber workers, smelter workers, chromium 
platers, leather workers, bakers and cooks. Variables which require 
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complaints. Interestingly, complaints of ETS contributed only Z\ to the 

suspected problems. Inadequate ventilation was the dominant complaint having 
a 50% problem rating. Professor Sterling (36) from Canada, a pioneer In the 
area, will speak on this subject at this meeting. from Honolulu a report by 
Kodama and KcCee (37) specifically reports on biological pollutants and the 
adverse findings in air conditioned premises. 

Bare again are data which do not seriously incriminate BIS as a hazard 
commonly encountered and, when it is, control by ventilation Is the answer. 
If that ventilation cannot control ETS it cannot control the other pollutants 
as indicated by the AFE/C10 C7) attitude noted above. In addition the 

presence of radon and radon daughters in buildings which have carcinogenic 
effects on the lung Is now actively being researched in the OS, Europe, WL and 
Australia. 

When the IAS (B> aggregated the US studies a relative risk for lung cancer 
in the spouses of smokers was 1.14 with confidence limits of 0.92*1.40; bow is 
this to be translated? lore importantly, how can these measures be 

extrapolated for the general public and workers in industrial areas? 

Doll and Peto (21> indicated in their 1W1 study in the US that relative 
risks of less than 2 are difficult to interpret. Bose (38) in ffl also notes 
that in a multifactorial disease a factor that increases the risk by less than 
half will' almost certainly he undetectible. In a study of cancers in lew 
Zealand, Pearce from the US and Howard from lew Zealand (39) restricted their 
interests to those cancers with relative risks of 1.5 or more as such smell 
risks are particularly likely to be due to bias or confounding. 

C0RREIT STATUS AID COICLDSIOIS 

The overall scenario in 1988 is that the effects of ETS on the health of 
workers in industry has received virtually no Investigations. The blue collar 
nonsmoking worker is probably exposed to more ETS than white collar workers as 
the former teDd to have more smoking co-workers than the latter. In these 
industries recognised as posing threats to the respiratory tract from fumes, 
dusts, fibres and gasses no specific data has been located. 

There has been an upsurge in research into the environmental conditions in 
offices and buildings and health effects of a minor nature are frequently 
observed and are clearly multifactorial. 

Studies on the excretion of the nicotine metabolite cotinlne in the UK and 
USA indicate that nonsaokers absorb ETS to a minor extent and it is plausible 
that they absorb other chemicals to the same degree. 

Smokers are exposed to aoinstreaa smoke, are exposed directly to sidestream 
smoke and to the highly diluted and aged ETS and excrete relatively large 
quantities Df cotinlne compared to nonsmokers. The differences in quality and 
quantity of the smoke inhaled is such that extrapolations from the 
epidemiological data on smokers is fraught with uncertainties. 

Some nonsmokers find ETS to be irritating to mucosae, particularly to those 
of the eyes, but usually exposure to a high concentration in a poorly 
ventilated area is required. 

Thus we are at the stage In 1986 when the only scientific data are: 

1. That no atypical cellular changes have beeD found in the lungs of 
nonsmokers. 

2. That nonsmokers do absorb one chemical peculiar to cigarette smoke - 
nicotine and this is measured as the metabolite cotinlne. 

3. There are competitors in the workplace for the induction of lung cancer. 

4. There are competitors for lung cancer in air pollution in industrialised 
countries. 

5. There is no evidence of Increase of lung cancer in nonsmokers during the 
decades of Increasing prevalence of smoking. 

6. There is inadequate data on the epidemiology of ETS in the workplace. 
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It is therefor* unreasonable in a workplace anti-smoking program to use the 
threat of respiratory tad or cardiovascular disease induced by ETS. There is 
no hard data to use as an educational tool to Induce concern in the nonsmoker. 
Vo hard data to Induce the concern In the saoker that he or she soy be posing a 
threat to the health of workmates. Unreasonable as It is, it is being carried 
out by government and anti-sacking organisations in their campaigns. 

I recall end bring to your attention the views of Professor Patrick Lawtber 
<40> in London in 1964, referring to chemicals; 

•It would seem, however, that contemporary concern about pollution, laudable 
though It may be, is often inversely proportional to its concentration, for 
sow, In some quarters, there any be seen all too frequently almost 
pathologically Intense, and often irresponsible, propaganda against pollution 
of any sort, despite the absence of incriminating evidence. It could be said 
in defence of such activity that any pollution must be bed, but we must first 
define clean air if we are not to finish by prohibiting any fora of industrial 
or communal activity, including breathing. The currently common lack of a 
sense of perspective must be deplored because It can lead, through political 
pressure, to the installation of enormously expensive methods for abatement 
which can place wholly unjustifiable burdens on societies in which there are 
urgent needs lor expenditure on unequivocal hazards to health.* 

lonsmoklng policies for workplaces are based on no scientific grounds, on 
extrapolations mainly from studies of spouses, and extrapolations from tbe 
epidemiology of smokers, faith In the no threshold theory for effects of toxic 
substance, an absence of an established no effect level, end possible 
plausibility. Such policies must therefore be considered es social ones and 
not health policies. Professor Velas's (16> view I share. The use of 
passive smoking as a tactic in the smoking cessation strategy Is based on weak 
grounds apart from Irritations. I also share the concerns of the AFL/CIO (7). 

The basic problem of ETS in the workplace, whether in the factory or office 
is that the risk, If it exists, Is a small one and likely to be undetectlble 
and confounded, however, a large population is exposed end uncertainty 
prevails. Ve are in the position described by Professor lose (39) of the 
London School of Hygiene and Tropical Kedlcine, *In that state of uncertainty 
we have to avoid both the panic of the professional protester and the unfounded 
but seemingly unshakeable confidence of the professional experts*. 

Those Involved in government anti-smoklng activities should be aware of the 
tenuous nature of the data on passive smoking end health effects. The 
deliberate use of fear inducing tactics by misrepresenting such data by dubious 
extrapolations is propaganda and not health education. 
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SMALL-AIRWAYS DYSFUNCTION IN NONSMOKERS 
CHRONICALLY EXPOSED TO TOBACCO SMOKE 

Jamu R. Whfte, Ph.D., and Herman F. Froei, M.D. 


Abstract We evaluated the affect of long-term 
passive smoking (involuntary inhalation of tobacco 
smoke by nonsmokers) and long-term voluntary 
smoking on specific indexes of pulmonary function 
in 2100 middle-aged subjects. Regardless of sex, 
nonsmokers chronically exposed to tobacco smoke 
tad a lower forced mid-expiratory flow rate (FEF 25 
to 75 per cent) and forced end-expiratory flow rate 
(FEF 75 to 85 per cent) than nonsmokers not ex¬ 
posed (P<0.005). tn addition, values in passive smok¬ 
ers were not significantly different from those tn 
light smokers and smokers who did not Inhale 

I T is generally believed that infrequent and short¬ 
term exposure to pollutants in tobacco, such as 
carbon monoxide, nicotine, benzo(a)pyrene, and ox¬ 
ides of nitrogen, will not permanently alter pulmo¬ 
nary function in healthy adult nonsmokers. We tested 
two hypotheses: that nonsmokers chronically ex¬ 
posed at work to the pollutants in tobacco will score 
lower on tests of small-airways function than non- 
smokers not chronically exposed to tobacco smoke; 
and that exposure to tobacco smoke will cause a 
graded abnormality in smalhairwayj function in re¬ 
lation to the extent of smoke exposure. 

Mztvods 

Subjects 

To examine these hypotheses we used the scores on test* of mean 
fenced mid-expiratory flow (FEF 25 to 75 per cent) and mean forced 
end^expiratory flow (FEF 75 to 85 p€T cent); these tests have proved 
effective in detecting small-airway* disease in it* early stages'** 
Forced vital capacity and forced expiratory volume in one second 
(FEV,) were also studied. 

Data were collected on 5210 cigarette smokers and nommokers 
who had been phyjjologically evaluated during a “Physical Fitness 
Profile” course sponsored by the Department of Physical Educa¬ 
tion, University of California, San Diego, between 1969 and 1979. 
Most of the subject* resided in San Diego, an area few in air pollu¬ 
tion Occupation and location* of work and residence according 
to rip code* were analyzed There were no statistically significant 
differences between the groups in type* of occupation or in working 
or living locations. Eighty-three per cent of the working subjects 
held professional, managerial, or technical positions, and the re¬ 
mainder were blue-collar workers Personal habits, environmental 
pollution, and smoking habits were assessed from an extensive, self- 
administered questionnaire completed on two separate occasions. 
The reliability coefficients for the test and retest are greater than 
r » 0.96. Each subject** age, height, and weight were recorded, and 
they were categorized according to sex, exposure to tobacco smoke, 
and smoking habits. 

y 

\ 

From the Department of Physical Education, University of California, 
Stn Diqo (address repnoi requests to Dr. White at the Department of Phys¬ 
ical l Education, C-OI7, University of California, La JolLa. CA 92037). 

Presented in pan at the Annua! Meeting of the American College of 
Sports Medicine, Honolulu, Hawaii, May 1979. 


(P <0.005) When we looked at the extent to which 
tmoke exposure is related to graded abnormality, 
we found that nonsmokers in smoke-free working 
environments have the highest scores on the apiro- 
metric tests; passive smokers, smokers who do 
not inhalfe, and tight smokers score similarly and 
significantly lower; and heavy smokers score the low¬ 
est (PC0.005). Wt conclude that chronic exposure to 
tobacco smoke in the work environment it delete¬ 
rious to the nonsmoker end significantly reduces 
email-airways function. (N Engl J Med. I960; 302: 
720-3.) 

From the original 5210 candidates, 2208 were disqualified be¬ 
cause they indicated on the questionnaire that they had a history of 
pulmonary or cardiac disease, persistent cough, recent asthma, res¬ 
piratory illhess, or bronchial disturbances; that they had had occu¬ 
pational exposure to dust or other toxic femes, that they had lived 
in a imoggy or industrial area; or that they had been employed in 
areas associated with industrial pollution The 3002 remaining can¬ 
didates were assigned to one of six groups according to their ex¬ 
posure to tobacco smoke (Table 1) From each group 200 men and 
200 women were then randomly selected and assigned to the com¬ 
parison groups However, only 50 male and female subjects were 
available for the noninhaling smoking group (3), and so the total 
number of subjects reported on is 2100. 

A single technician administeredisuc-essiv- forced-rital+capacity 
maneuvers until reproducible curves were obtained on each subject 
with use of the Donti Pulmonary Performance Analyzer, (PA70 )j 
T he fast vital-capacity spirogram achieving the greatest volume was 
used to calculate the forced vital capacity, (FVC); the forced expira¬ 
tory flow for one second (FEV,), the forced mid-expiratory flow 
(FEF 25 to 75 per cent), and the forced end-expiratory flow (FXF75 
to 85 per cent) (Table 1) 

Comparisons were made between the scores achieved by six 
groups of subjects matched for age and sex. Group l comprised 
nonsmokers who had neither lived in a house where tobacco smok¬ 
ing was permitted nor been employed in an enclosed working area 
that permitted smoking or routinely contained tobacco smoke. 
Group 2 comprised passive smokers, that is, nonsmoken who lived 
in a house where tobacco smoking was not permitted but had been 
employed for 20 years or more in an enclosed working area that per¬ 
mitted smoking and routinely contained tobacco smoke. Group 3 
contained pipe, cigar, or cigarette smokers who did not inhale; 
Group 4, light smokers who had inhaled one to 10 cigarettes per day 
for 20 yean or more, Group 5, moderate smokers who had inhaled 
11 to 39 cigarettes per day for 20 years or more, and Group 6, heavy 
smokers who had inhaled more than 40 cigarettes per day for 20 
years or more Presumably, the subject! in these last four groups all 
worked in environments where smoking was permitted, since they 
themselves smoked at work. 

To test the hypothesis that there was no difference b etween the 
pulmonary scores in each group, we used a statistical package 
called ”5PSSH Release 6.02,” which gave us a one-way analysis of 
variance. When the analysis of variance revealed a significant dif¬ 
ference, the hypothesis was rejected We then used the Student- 
Newman-Keuii multiple-comparison test to determine subgroups * 

Carbon Monoxlda Lavola In Working Environment 

On the questionnaire the subjects who did not smoke indicated 
whether smoking wai p er mitted in their working area and whether 
the air generally contained tobacco smoke. To obtain a more objec¬ 
tive measure of true concentrations of smoke in the working areas, 
wt placed a portable carbon monoxide analyzer (EeoJyxer, Ener- 
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Tabic 1. Vital Capacities and Expiratory Flow Hate (Maan ±$.D.) In Mai* and Famala Smokers and Nonemokers. 
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10* 

1J2±0J5 

120 

2 — Notumokcn, 

200 

F 

45.91 ±6.94 I6l:l±66l 

3l23±0 46 

98 

2.47±0 63 

99 

E72±0?l* 

93 

0.71 ±0.36- 

83 

smoky environ¬ 
ment >20 yr 

200 

M 

49.1 ±7.61 176.02±6.55 

4.78±0.77 

99 

3.54±0.6l 

98 

3JO±0.77* 

91 

0.97 ±0.34* 

95 

3—Smokers not 

50 

F 

46.93±7.t0 

I59±7.09 

3.19±0.52 

97 

2-49±0,74 

99 

2.71±0.87* 

92 

0.78±0 43* 

85 

bthsiing riftrettas, 
pipe, or Of in 
>20 yr 

50 

M 

47,6±7 Jl 174.5±7.42 

4.63 ±0.86 

96 

336±0.76 

99 

3J2±0.86- 

92 

0.89±0 47 

87 

4 — Smokers inhaling 

200 

F 

47.36±7.0 159.77 ±7j44 

3.15 ±0 39 

96 

2 40±0 62 

98 

2 63 ±0 73* 

89 

076±031* 

83 

1-10 cigarettes per 
day > 20 yr 

200 

M 

48.5±73l I73.9±7,44 

43* ±0.77* 

95 

3.49±0.62* 

97 

3J3±0.7|- 

89 

0.79±0.36* 

77 

3 — Smokm inhaling 

200 

F 

45 72±6.87 

160±6.99 

2.80±0.3I* 

IS 

2.13±0.62* 

85 

2J9±0.70* 

78 

0.63±0.3l* 

*9 

11-39 cigsretics per 
day >20 yr 

200 

M 

4IJ±7:49 l?6.02±7.67 

4.04 ±0.74* 

84 

3.01 ±0.61* 

86 

2.73±0.ll* 

76 

069±0J9 

68 

6 — Smokers inhaling 

200 

F 

45.98 ± 6,7 J 159.26 ±7.29 

2.55 ±0.38* 

78 

2.01 ±0 64* 

80 

2.12 ±0.72* 

72 

0.57 ±0.33* 

62 

>40 cigarettes per 
day >20 yr 

200 

M 

47.8±7.44 I76j5)±7.9 

3.92±0,73* 

82 

2.77 ±0.60* 

77 

2.59 ±0.12* 

72 

0.61 ±0.31* 

60 

Prediction for agr 

46.1 yr, height 

160.51 cm t 

1050 

F 

46.61 ±6.94 160.3±6.99 

318 

“ 

232 

— 

2.94 

*"** 

0.92 

““ 

Prediction for age: 

41.3 yr. height 

1050 

M 

48.35± 7.50 175.77 ± 7.54 

4.81 

— 

3.60 

— 

3.62 


1.02 

— 


175.77 cm t 


•Sjfftificinily different fro® vtltm « *craimo4en (P>0 00J) 


tPrvdKUd *ccXKdift| io Mom* 


gttics Science, Elmsdorf, N.Y.) on top of the desk or in the working 
are* of 40 randomly selected nortsrookers who had indicated that 
they worked in an environment without smoke and 40 similarly 
selected nonsmokers who had indicated that the air in their work¬ 
ing area contained smoke from co-workers. Carbon monoxide, a 
component of tobacco smoke, is an accurate tobacco-smoke 
tracer, w * and its concentration is directly proportional to that of 
tobacco smoke.*’* The mean carbon monoxide concentrations in 
areas where smoking occurred were compared with similar mea¬ 
surements taken in areas where smoking was not permitted (Table 
2). During the day, particularly at 11:20 a m. and 1:20 p m., the 
differences in the mean values between environments with and 
without smoking were significantly different, Only at 7:00 a m. and 
7:00 p.m., before and after working hours, were carbon monoxide 
concentrations the same. In the environments where there was 
smoking, the mean concentration ar peak values almost doubled, 
from 6.4 to 11.6 parts per million, whereas in the envi ronm e n t s 
where there was no smoking, the increase was from 6.3 (o 8,2 pans 
per million. The peak concentration of carbon monoxide was sig¬ 
nificantly greater in the environments where smoking occurred. The 
carbon monoxide analyzer was calibrated in the laboratory and 
found to have ±2 per cent reproducibility and ±2 per cent accu¬ 
racy at levels between 0 and 50 parts per million. 

Of the 80 working areas tested for carbon monoxide concentra¬ 
tions, 76 were air-conditioned. No attempt was made to determine 
the direction of the circulation of refrigerated air or the exact air ex¬ 
change Building codes require a minimum of live to six complete 
air exchanges per hour. The size of the rooms and the number of co- 
worktri in the working areas were computed. In terms of these two 
(actors, there was no significant difference between the working 
areas where smoking was permitted and where it vu not permit¬ 
ted. In the areas withour smoking, ventilation was sufficient to 
maintain peak carbon monoxide concentrations below 9 pans per 
million, which Holbrook defines as the upper limit for carbon 
monoxide in areas with adequate ventilation.’* However, ventila¬ 
tion in our study was not capable of adequately extracting polluted 
air as measured by carbon monoxide levels in areas where smoking 
was allowed (Table 2). 


Results 

The mean values ± the standard deviation for the 
FVC, FEV 1( FEF 25 to 75 per cent, and FEF 75 to 85 
per cent in the six groups studied are shown in Table 
1. There were no statistical differences in the ages and 
heights within the various groups. 

Compared with nonsmokers who worked in envi¬ 
ronments where there was no smoking, both the men 
and the women in the other five groups had signifi¬ 
cantly lower values for FEF 25 to 75 per cent and FEF 
75 to 85 per cent. These lower levels were observed in 
both absolute values and per cent predicted values 
calculated according to the formulas of Morris." The 
FVC and FEV, were not as sensitive, and values were 
lower only in the female heavier smokers of Groups 5 
and 6 and in the male heavier smokers of Groups 4, 5, 


Tabl* 2. Carbon Monoxide Concentrations (parts par 
million) Measured during the Workday 
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3.1-10.9 

6.3 ±1.7 
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0 1 

10:00 a.m. 

9J±54 

33-29.4 

7.I±3J 

3 6-13.6 

El* 

11:50 a.m. 

11.1 ±6 0 

4,1-21.2 

IJ±4.I 

3.8-12.7 

2.91 

1 JO p.m. 

n.6±7j 

38-258 

4.9±2-7 

4.0-13.1 

4.7 t 

4:20 p.m. 

9.7 ±5.9 

3.3-20.2 

73±3I 

3.3-11.9 

2J • 

7.-00 p jb. 

7.1±3J 
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6.5±2J 
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and 6. The passive smokers not only scored signifi¬ 
cantly lower than their nonsmoking counterparts but 
also fell into the same state of impaired performance 
as the noninhalers and light smokers. Again, this was 
true for both men and women. 

Table 1-shows the predicted values for the average 
man and woman according to height and weight. 
There is no statistical difference between these pre¬ 
dicted values and the values in nonsmokers. How¬ 
ever, as the degree of smoking exposure increased in 
both men and women, the performance of FEF 25 to 
75 per cent and FEF 75 to 85 per cent decreased, as 
shown by the stepwise reduction in scores for moder¬ 
ate and heavy smokers (Table 1). 

As shown in Table 3, differences in pulmonary per¬ 
formance between groups were analyzed by statisti¬ 
cal analyses of variance according to the Studeni- 
Newman-Keuls multiple-range test at a level of 


Table 3. Pulmonary Function in Subjects Chronically 
Exposed to Tobacco Smoke.* 


Vanin 

Sf\ 

SuaGtot-n aiiamcid m Oimi o* 
Dicittuvc KxMOfeMn Fuwcno* 

FVC 

Female 

NS VI LSPSMSHS 


Mate 

NS PS NILS MS HS 

FEV, 

Female 

NS Nl LS PS MS HS 


Male 

NS Nl PS LS MS HS 

FEF 25-75* 

Female 

NS PS NILS MS HS 


Male 

NS Nl iPS LS MS HS 

FEF 7*-SVfc 

Female 

NS PS NI LS MS HS 


Male 

NS Nl PS LS MS HS 


*U*4crbnmfs indicate lubyroupi wTtnfrd by ifac Sik«JmuNe»man-K.t\»b muhipk 
rtftjf tt*i ar Utc 0 005 For esampW. for FVC. fwn»k. Lhcrt art tbrtt frovpi tfui 
differ from each other fuuuically the ftfU group comprucs NS. Nl. LS. and PS. the wc- 
ond group MS. and the third HS NS denotes nonsmohers. PS passive amoken. Nl non- 
inhaling tmokcTV LS smohen (one to 10 agamies p*i day V MS moderate smokers 
(11 to 39 agamies per day), and HS baavy smohen <40 or more agamies per day) — 
Croups I to 4. mpKtm)) . 


0.005/ The subgrouping indicates that both male and 
female nonsmokers who live and work in a smoke-free 
environment score the highest of all the subgroups, 
and that passive smokers, smokers who do not inhale, 
and light smokers are not significantly different from 
one another. The analysis also shows that both mod¬ 
erate and heavy smokers are, in general, not signifi¬ 
cantly different: that is, they share about the same 
degree of dysfunction. It is impressive that in all pul¬ 
monary-function tests, the moderate and heavy 
smokers' - scored significantly worse than all other 
groups, and that in tests that best reflect small- 
airways function (FEF 25 to 75 per cent and FEF 75 
to 85 per cent), the nonsmokers scored significantly 
better than all other groups. 


Discussion 

We used several methods to minimize the standard 
error of the difference and eliminate sampling biases 
in this study. First of all, measurements were made in 
a large number of subjects (a total of 2100), and they 
were divided into six specific groups according to their 
responses to a questionnaire on smoking history. Can¬ 
didates with health, environmental, or occupational 
conditions that could influence pulmonary function 
adversely were disqualified from the study. Further¬ 
more, comparisons among the groups of occupations 
and working and living locations showed that they 
were not significantly different, thus minimizing the 
sampling error. When the sites for measurement of 
carbon monoxide were selected, bias was reduced be¬ 
cause 20 male and 20 female nonsmokers and 20 male 
and 20 female passive smokers were randomly 
selected from the 200 subjects in each group. Finally, 
most studies on smoking have a correlational design; 
this approach may weaken many of the conclusions 
because tobacco smoking is a matter of choice and is 
done for a variety of personal reasons, which may 
cause both the smoking and the pulmonary dysfunc¬ 
tion. In our study, neither the nonsmokers nor the 
passive smokers chose to smoke; therefore, the pul¬ 
monary dysfunction found in passive smokers cannot 
be attributed to the “reasons" that may be related to 
the dysfunction in smokers. Comparison between the 
nonsmokers and the passive smokers is thus truly ex¬ 
perimental. 

Although there was no statistical difference be¬ 
tween the predicted values in Table 1 and values in 
the nonsmokers, it must be remembered that predict¬ 
ed values were based on the combination of data ob¬ 
tained from nonsmokers and passive smokers When 
data on the nonsmoker and the passive smoker are 
arithmetically averaged, the value approximates that 
found in existing predicted norms. We believe that in 
choosing subjects for establishing “normal predicted 
values,*' one should take into account the degree of 
cigarette pollution in which the subjects live and 
work. 

Ambient carbon monoxide may have deleterious ef¬ 
fects on bodily functions other than those of the lung 
Studies by Bridge and Com* and by Hexter and Gold- 
smith** have indicated that concentrations of carbon 
monoxide as low as 8 pans per million can increase 
the incidence of symptomatic or oven ischemic heart 
disease. It has also been shown that elevated carbon 
monoxide concentrations can increase the incidence of 
early angina in patients with atherosclerotic heart dis¬ 
ease.High carbon monoxide concentrations also 
lead to alterations in psychomotor performance in 
healthy subjects/ 1 We chose to look at long-range 
changes in the function of small airways in the hmg$ 
of nonsmokers chronically exposed to low levels of to¬ 
bacco smoke as measured by carbon monoxide levels. 
Carbon monoxide was used as an index of exposure to 


Source: https://www.industrydocuments.ucsf.edu/docs/zqyx0000 
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tobacco smoke and was not intended to be identified 
as the specific inciting agent. 

The traditional spirometric tests of FVC and FEV, 
depend mostly on the total airway resistance and elas¬ 
tic recoil of the lung and are often normal in the pres¬ 
ence of extensive small-airways disease. 1 * In contrast, 
the mid-expiratory and maximal end-expiratory flow 
rates reflect expiratory flow in the presence of lower 
lung volumes during a period when airway segments 
may be in the process of dosing. 1 ** 1 * Other studies 
have indicated a high frequency of small-airways dis¬ 
ease in relatively asymptomatic cigarette smokers. 1 * In 
one study, 72 per cent of the subjects had significant¬ 
ly decreased maximal mid-expiratory flow rates. 1 
Morris** 10 has shown that measurements of forced ex¬ 
piratory flow rate are simple and accurate predictors 
of changes in small airways. It is generally agreed that 
in the presence of normal FVC and FEV t , reduced 
forced mid-expiratory and end-expiratory flow rates 
are commensurate with small-airways disease. 1 * 11 *” 
Our results agree with those of Macklem and Mead' 4 
and of Morris, 3 *"*” in that neither FVC nor FEV, was 
significantly different in passive smokers and non- 
smokers, but that both FEF 25 to 75 per cent and FEF 
75 to 85 per cent were significantly lower in passive 
smokers than in nonsmokers. 

In considering the relation of graded abnormality to 
the extent of smoke exposure, it is interesting to note 
that'the nonsmokers in our study scored well above all 
other groups in the tests in Tables 1 and 3. However, 
there was no significant difference in the scores of the 
passive smokers, the smokers who did not inhale, and 
the light smokers. This finding suggests that if long¬ 
term small-airways dysfunction is occurring, the non- 
smokers who work in a smoky environment have 
about the same risk of impairment as do smokers who 
do not inhale and smokers who inhale between one 
and 10 cigarettes per day. Niewoehner et a!.* 1 showed 
that further increases in exposure to cigarette smoke 
cause a progression from small-airways involvement 
to extensive bronchial and alveolar disease: the 
greater the exposure, the greater the involvement. 

There is supporting evidence of the effects of pas¬ 
sive smoking on small-airways function and the de¬ 
velopment of a graded abnormality according to ex¬ 
tent of exposure to smoke. A recent study by Tager et 
*1.” has shown that children living in households 
where parents smoked tobacco had lower mid- 
expiratory flow rates (FEF 25 to 75 per cent) than 
children who lived in households where smoking did 
not occur. In addition, FEF 25 to 75 per cent in chil¬ 
dren who had never smoked declined as a function of 
the number of parents who smoked in the household. 


The greater the exposure, the lower the pulmonary- 
function score. 

Although many nonsmokers believe that exposure 
to tobacco smoke is irritating and generally ob¬ 
noxious, our studies and Tager’s show the adverse ef¬ 
fects of passive smoking on the small-airways func¬ 
tion of both adults and children. With these data now 
available, health officials and the medical profession 
must consider potential for small-airways dysfunc¬ 
tion in nonsmokers chronically exposed to tobacco 
smoke. 

We are indebted to Stanton A. Glarnx, Ph-D., and Howard F 
Hum, Ph.D., for statistical collaboration, and to Mr*. Joan 
Cochrane for manuscript preparation and editing. 
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1 hi* place from the Inside, In the way 
that those of ui who serve here do. 

The press and media people pack tfat 
gallery upstairs during a debate on a 
pay raise, but they rarely write or 
speak about the personal ramifiesUoru 
of the Job here. This is not to com¬ 
plain. Every Member here feels that It 
is a supreme honor to serve as a 
Member. 

But it is Important that the public 
know more about what kinds of people 
serve here, how hard they work, the 
personal toll that is taken on individ¬ 
uals and families. 

X have seen crown men here cry 
when their marriages were destroyed. 

1 have seen grown men depressed 
about missing events that were impor¬ 
tant to their children. 

In sports they have a term called 
"playlhg hurt." when pis yen partici¬ 
pate even when injured. Welt X have 
seen Members of the House •‘play 
hurt." Members who were ill and 
dragged themselves to the airport to 
keep an important commitment back 
home. 

I have seen Members with serious 01- 
ness or disease struggle to do a good 
Job. to make roHcall'votes and commit¬ 
tee meetlng*- 

The picture of the Congress present¬ 
ed to the public via the Abscam scan¬ 
dal wss not a fair one. Tills is not a 
place where you can reach in and pick 
any seven Member* and expect that 
they will accept money in a brown 
paper bag It is not that kind of place 
and It is an> Insult to all who have 
served well here that such a picture of 
the Congress be presented. 

Scandal b what sells newspspers and 
aoap on the evening news. Pay raises 
and debates over them in this body are 
in the aame category. But these things 
do not begin to tell the story of what 
happens here on a day-to-day basis. 

What happens here on a day-to-day 
basis U a struggle to get things done, 
to do the right thing for our districts, 
for the Nation and the world: What 
gets In the way of that is familiar to 
allof us. 

The hectic achedule is a problem. 
The lack of predictability In the sched¬ 
uling. The tug and pull of various 
people and interests wanting our at¬ 
tention. The seemingly constant atten¬ 
tion to getting reelected. The accom¬ 
panying preoccupation with raising 
money. And. of course, the impact 
that such a preoccupation has on poli¬ 
cymaking. 

There must be a movement devel¬ 
oped to deal with these problems. X be¬ 
lieve we should move to a 4-year term 
with a limit of three term* in the 
Boose and two 2-year terms in the 
Senate. 2 believe we should move to a 
2-year budget and plug in a require¬ 
ment that the Congress do meaningful 
oversight for 2 or 4 straight months 
each year. 

Most Importantly. we need campaign 
reform—a limit on FACa, public fi¬ 
nancing. free access to media, and 
many other Important changes. The 


political system U being contaminated 
by money and we must do something 
about1U 

Such dramatic changes must take 
place with pressure from the outside 
and I intend to do my share as a pri¬ 
vate citizen in that regard. 

Being a private citizen again will not 
be altogether unhealthy. Getting out 
of politics for a time will give me an # 
Important perspective. 

But there will never be anything to 
take the place of the warm friendships 
I have developed here. I have not had 
the chance to thank each of my col¬ 
leagues and staff for their kindness. X 
hope this statement will at least par¬ 
tially serve that purpose.* 


WHITE-FROEB STUDY 

DISCREDITE D BY SCIENTISTS 

HON. L EFOUNTAIN 

or non CAROLTHA 

rw tkx house or n irmu r uTim 
Thursday, December li, 19S2 
• Mr. FOUNTAIN. Mr. Speaker, after 
JO yean of service to the people of the 
Second District of North Carolina. I 
am about to retire from the DA 
House of Representatives Before leav¬ 
ing I would like to submit, for the 
Record, an Item dealihg with an issue 
with which X and many other* have 
long been Interested, namely, the al¬ 
leged effect of smoking on the health 
of the nonsmoker,. 

Mr. Speaker, let me briefly place the 
Issue Into lu proper con text. In 1978. 
the Subcommittee on Tobacco of the 
House Committee on Agriculture 
heard testimony from a vast array of 
eminent scientists and physicians on 
the Issue of the effect of tobacco 
gmoke on nonsmokers. Those individ¬ 
uals who testified generally agreed 
that no conclusive scientific evidence 
exists to support the claim that smok¬ 
ing affects the health of nonxmokera 
In I960, however, an article appeared 
in the New England Journal of Medi¬ 
cine by Dra White and Feoeb entitled 
"Small Airways Dysfunction In Non- 
amoker* Chronclally Exposed to To¬ 
bacco Smoke." In which the authors 
concluded that smoking In the work¬ 
place adversely affects the lung func¬ 
tion of nonsmokera This conclusion 
appeared to conflict with the testimo¬ 
ny presented to the Subcommittee on 
Tobacco. 

Since Its publication, the WhJte- 
Froeb study has been used to support 
both regulatory and legislative activi¬ 
ties In the United States. For example, 
the study w as referred to In testimony 
before the Civil Aeronautics Board 
during Its recent consideration of rules 
regarding smoking aboard commertikl 
aircraft. The National Research Coun¬ 
cil report entitled "Indoor Pollutants" 
which was Issued In 1981 under an 
EPA contract also relies on the study. 
Finally, the White-Froeb study has re¬ 
ceived widespread attention In both 
Stale and local legislative and policy¬ 
making bodies. 


The White-Froeb study continues to 
play an important role Is legislative 
considerations, despite the fact that 
the study Itself has been heavily criti¬ 
cised by scientists and health practi¬ 
tioner*. Most recently, at the 1982 
Joint meeting of the American Lung 
Association American Thoracic Socl^ 
ety, Dr. Michael D. lebowhx, profes 
gar of Internal medicine, college of 
c*dicine. University of Arizona and 
special consultant to the Subcommit¬ 
tee on Tobacco, pream ted reasons 
why. In his own words, "the results of 
thi$ study cannot be used to demon¬ 
strate an effect of passive smoking on 
forced expiratory flow* in adults ex 
posed In the workplsce." Dr. Lebowrtz. 
a noted specialist In epidemiology and 
respiratory diseases, said that the 
basic problem with the White-Froeb 
study is that It is "improperly dr 
gipied" and thst "there are problems 
with the whole data set and with the 
conclusion." Dr. Lebowlt t also ex¬ 
pressed concern that the significance 
of the WhJte-Froeb data appeared to 
depend upon their unexplained amis¬ 
sion of data from 3.000 subjects origi¬ 
nally included in the study. 

Mr. Speaker. Dr. Lebowlt* wrote a 
letter, dated July 10. 1981, to our col 
league. Congressman Chari rs Rose. 
Chairman of the Tobacco and Peanuts 
Subcommittee of the House Agricul¬ 
ture Committee, as a result of a per 
sons! interview which Chairman Rose 
and Dr. Lehowit 2 had with Dr. White. 
W’lth the personal consent of Chair¬ 
man Rose, I am Inserting herewith Dr. 
Lebowitz s letter. It more fully ex¬ 
plains the author’s viewi regarding 
the White-Froeb study. 

X also want to mention another eval¬ 
uation of the White-Froeb study, one 
which was made by Dr. J. O. Oostom* 
ryk, director of the department of 
health of the dty of Augsburg. West 
Germany. After an extensive, detailed 
review of the White-Froeb study. Dr 
Gostomzyk has concluded that the 
White-Froeb data were incompletely 
presented and did not satisfy the pre¬ 
requisites for scientific credibility. In 
addition. Dr. Gostomzyk remarked 
that "Dr. White’s methodology is not 
scientific but that of a lay person with 
convictions." and concluded that "we 
assume that Dr. White’s study Is an at¬ 
tempt at scientific validation of his 
credo and thst be possibly Is unaware 
of the Inadequacy of this methodolo¬ 
gy." It Is obvious that Dr. Gostomzyk 
Is referring to Dr White's outspoken 
anHsmoklng activities In California, In¬ 
cluding Dr White’s endorsement of 
public smoking referendum* which 
were, incidentally, twice rejected by 
the California voters. 

Oivee these and other criticisms of 
the White-Froeb study. It would 
appear that the New England Journal 
of Medicine has, perhaps unwittingly, 
pa-formed a disservice to It* reader¬ 
ship. It is extremely’ unfortunate that 
a study so fraught with methodolog 
leal problems, as indicated through 


Source: https://www.industrydocuments.ucsf.edu/docs/zqyxOOOO 
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numeroui criticism! by •dentuu In 
the United States and elsewhere, 
ihouJd have been published In *uch a 
reputable journal of medicine. The 
Whlte-Froeb study ahould. therefore, 
not be relied upon by the Congress. 
Federal agencies, or other legislative 
or policymaXlng bodies when consider* 
lng restrictions on smokihg in public 
places. 

Tax UurvniiTT or Ajuzowa, 

Couaca or Mdicdt*. 

Tucson, AH*. July 16, IMS 
Congressman Chaaixs Roac. 

ChQirrnaru Subcommittee on Tobacco and 
Peanut* House of Xrprtetnt&tivt* Ray¬ 
burn Bviidmp. W*asJunp(on. V C. 

Dla* ConoaziSMAJt Rose The following la 
a summary of my notes on our visit to Dr. 
James White at UC Ban Diego, aa per our 
discussion Unfortunately, despite the stale- 
ment In the editorial of the New England 
Journal of Medicine (27 March I960). Dr. 
While and his co-author did not “faultlessly 
demonstrate a reduction lb measures of 
email airways of healthy non-smoker* ex¬ 
posed to cLgarette smoke in the work place'*. 
It is apparent from our visit and the article 
that there were various faults in the present 
study, which shall be discussed. 

The problems with the research design 
are as follows:: 

The participants were not only volunteer*, 
but generally had to pay for the physical 
fitness course; this Is the reason moat were 
white-collar. Employees In specific factories 
lnrited White to run the physical fitness 
oouiwe in their factories as well, which 
would also bias the population sample. Blue- 
collar workers were not distributed random¬ 
ly. [It ha* to be assumed that volunteers Ln 
the physical fitness courses fall into unrep¬ 
resentative categories the highly motivated; 
with an interest in health and usually 
healthier, those who are worried about 
health and generally less healthy, the first 
group would include fewer smokers and the 
second group would include more smoker*.] 

The Questionnaire utilized was not a vali¬ 
dated one per ae; test-retest comparison! 
were made only on the kmolung question! 
and very small groups of subjects. The 
amoking Information was not validated. 
There were no test-retest or validation* on 
gymptoms asked In the questionnaire. The 
questionnaire itself was derived by the in¬ 
vestigator., and included some question! 
from itandard questionnaires, this did not 
appear to include standard respiratory Ques¬ 
tions. and In fact various typical respiratory 
questions (such as phlegm) were not asked. 
The questionnaire did not include Questions 
on attitude, but did Include questions on ac¬ 
tivity levels and jobs (duration, type). The 
Questionnaire did ask horn- many smokers 
were in their work area, room sue. and 
nature of the air conditioning. It also in¬ 
cluded questions about residence* in the last 
30 yean (zip codes), so that exposures away 
from w ork were assessed by resident (al loca¬ 
tion: A question was asked about smokers in 
the home. [Thus, the smoking Information 
is not validated, but U probably relatively 
accurate. The Information about exposure 
to passive smoking is only approximate, as is 
the Information on other occupational expo¬ 
sures. Exposure* to air pollutant* or to un¬ 
known toxic gases ln the working place la 
only approximate, and their effects underes¬ 
timated! 

Dr. White presented a paper to the Ameri¬ 
can College of Sports Medicine, the abstract 
for which in 1977 Indicated there were 7,122 
subjects enrolled between 1969 and 1977; 
However, tn the New England Journal of 
Medicine article, he states that the base 


population analyzed is only 5.210 emoken 
and non-smoker* enrolled between 1969 and 
1979 Although he excluded all the ex-rmok- 
ers, some whose rip codes were misting, hi! 
answer* as to why the res* of the subjects 
were excluded were entirely unclear and 
tend to indicate potential bias In selection of 
subjects for consideration for ansJyae*. It 
might be added that the 2.100 subjects ana¬ 
lyzed In the NEJM article and those ana¬ 
lysed and presented ln the Sport* Medicine 
abstract appear to be the same as they yield 
exactly the same table of results (as deter¬ 
mined from comparison of the table in the 
Sport* Medicine manuscript and the NEJM 
table). 

In addition to the aourees of bias men¬ 
tioned above, it Is apparent that the non- 
amoker* In dean work environment* and 
those in smoking work environment* have 
not only chosen not to smoke, but it is likely 
thst those non-smokers working ln smoking 
environments may be different for a variety 
of reasons from non-smoker* working to 
dean environments. Furthermore, It is ap¬ 
parent that the non-smokers Ln non-smok¬ 
ing environment* are quite different in that 
their lung function Is “super norma]" Id 
. comparison even with the Seventh Day Ad¬ 
ventists (the source of the Morris prediction 
equations). 

Dr White did state that from the ques¬ 
tionnaire and from the baseline tests that 
there were no significant differences In the 
three non-smokiag/nonlnhaling groups In 
term* of lhe amount of previous exercise or 
oxygen consumption, but he was unsure of 
the difference In percent of body faL Smok¬ 
ers did have less body fat, were lest In terms 
of having lower oxygen consumption, and 
had less activity. He says further that there 
were no differences between the groups In 
terms of childhood respiratory history 
(lower respiratory tract Uineases) from his 
submitted questionnaire information, but 
he did not ask about family history. He did 
not ask sufficiently about respiratory ques¬ 
tionnaire* to appropriately exclude groups 
on the base* of productive cough (“cough 
bronchitis"), He states that there were no 
differences In prevalence rates of question¬ 
naire responses by rip codes. If ao, this con¬ 
tradicts other evidence vli-a-vls the effect* 
of air pollution in these areas He was not 
able to asses* other exposure* such a* those 
from hobbies, exposures to ras stoves, or 
transportation. In terms of pa&slve smoking 
in the home, he excluded such passive 
smokers from the Don-smoking and passive 
smoking groups, but not from any smoking 
groups. He was not able to proride any In¬ 
formation about the distribution of charac¬ 
teristics in those eliminated from the origi¬ 
nal 7,000 or the 2,206 that qualified because 
of other Questibnnaire results. 

With regards to the pulmonary function 
testing done by Dr. White, it must be first 
noted thst the Instrument used 1* not con¬ 
sidered a satisfactory Instrument in that it 
la non linear (highly biased) at both high 
volumes and low volumes [This has Lbe 
effect of maximizing difference* in that 
anyone with minor aberration* of total vita] 
capacity or of flow* at the end of the flow 
volume curve wouid have very different, 
that ts, low. flow*.] The comparisons that 
Dr. White did and reported od in hi* re¬ 
sponse letter in the NEJM (14 August 1960) 
would not in any way modify this opinion. 
Furthermore. Dr. White has the only pul¬ 
monary function technician and reader. 
Even though he vu trained at the VA hos¬ 
pital and hi* techniques were evaluated by 
ten—retest and by comparison to other 
reader*, any biases inherent Id Dr. White’s 
thinking (see below) would affect the way 
he read the tests. Furthermore, he took the 
FEV, and Cows off the same spLrogrvm 


using an approximation technique pub¬ 
lished by Morris^ el ai., which is not an ade¬ 
quate or accurate representation of those 
measures. All of hi* tests were baseline tests 
done after two and a half hours In the class¬ 
room in the evening on those without acute 
respiratory illnesses (usually on a Monday 
or Tuesday evening); thus, there Is probably 
little diurnal variation or pretest biases 
other than those experienced by the work¬ 
er* during their work day and in their activ¬ 
ities prior to the classroom. Although tt Is 
difficult to Judge the effects of these fac¬ 
tors. they may have Influenced the test re¬ 
sults. especially ln those with any signifi¬ 
cant exposures during the day. 

The major problem with the pulmonary 
function test result* as reported l* that they 
are not age- and height-adjusted, since lung 
volumes and How rates are associated with 
both of these factor*. In other words. Dr. 
White used raw values of flows and volumes 
to do comparisons. He dJd this on the as¬ 
sumption that the mean age and height 
were similar for the different groups This Is 
a mistake, since the distributions for those 
ages and height* could have differed Fur¬ 
thermore, his quoted figures for percent 
predicted are strictly for the average 
person, age 49. with an average height, and 
does not represent the group for which they 
are provided. In terms of these statistical 
analysis, he fust chose the ENK package 
among many. There U no correlation coeffi¬ 
cient per se. “Normality" wa* not an objec¬ 
tive of this study, so he cannot state any¬ 
thing about the normality of the subjects 
studied, including those he considered to 
have significantly different result* from the 
Don-exposed non-smokers. He does not un¬ 
derstand the difference between clinical 
meaningfulness and statistical significance. 
It is quite obribus thst the majority of 
those in the passive smoking and in the non- 
inhalln* group are quite normal and that 
very few would be eonadered abnormal' by 
any criteria. • 

to N* reported result*, he quotes as incor¬ 
rect significance level of p.<.005. whereas 
the level provided by the technique la 
p.<.05. This Is very different, given the 
Dumber of comparisons made, and Indicates 
that some of the results would not be sig¬ 
nificant if corrections were made for the 
Dumber of comparisons Furthermore, the 
data presented in Table 1 wis used to re¬ 
compute the SNK analysis by Mary C. 
Townsend. MPH (Department of Epidemio¬ 
logy, University of Pittsburgh).; Those re¬ 
sult* differ from those published by Dr. 
White and art provided in the attachment. 
The most Important of the difference* la 
the finding that the passive smokers and 
Light smokers differ for the male FEV 75-65 
percent. Thus, the effect of passive smoking 
on non-smokers Is still unconfirmed, despite 
Dr. White’s unfailing conviction that It Is 
confirmed. 

Other minor points: In terms of the 
carbon monoxide sampling, although It Is 
stated that It was randomized. It was really 
on only 40 smoking and 40 dod smoking sit¬ 
uations choaen by chance but not by 
random selection. Dr. Froeb. the eo-author 
with Dr. White, is a private practitioner m 
La Jolla and helped Dr. White in drafting 
the NEJM manuscript from the manuscript 
presented at the American College of Sport 
Medicine. It might be pointed out that San 
Diego 1* not strictly low In air pollution con¬ 
centrations. nor uniformed throughout the 
area, this may bias some result* Dr White 
performed the pulmonary function test* 
until “reproducible curves were obtained", 
but they do not necessarily follow the Inter- 
mountain. Snowbird, or ATS recommenda¬ 
tions. 
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*n it virgin* Dr. Whlu’i response to the 
letter to the Editor In the NEJW <14 Augu** 
It U quite dear that Dr. White did 
not satisfactorily answer ill the question* 
raised. many of which are similar to those 
raised In thi* letter. It Is Questionable, from 
the discussion, whether Dr. White would 
pursue any further re-analyilj of the data, 
nor necessarily could It be pursued: It Is 
questionable, liven the baste underlying 
problemi In the research' design^ that re- 
analysis of the data would be worthwhile. 
On the other hand, riven other results that 
contradict Dr. White’s. Including those now 
in press (such as Comstock et si. Johns 
Hopkins, presented at the Society for Epide¬ 
miological Research In June of 1981), ft 
would be likely that a paneli discussion of 
passive smoking might be valuable. I will be 
glad to furnish further discussion or help In 
that matter. 

Sincerely. 

Micuaxl D. Xoovm. Fit D, 

r.ccj*. 

frojeitor of Internal Medici na.# 


TOM BUTTERFIELD 


HON. KE SKELTON 

or Kissocu 

D» tki Bousr or axrrxscrrATTTk* 

Th undap, December H, 29SZ 

• Mr. SKELTON. Mr. Speaker, as 
1932 draws to a close, it Is customary 
to reflect upon the events of the past 
year. I would like to talk about an ex¬ 
perience I had Just over a year ago and 
about some sad news I heard Just this 
week. 

In December of 1981, a morle called, 
•*The Children Nobody Wanted" was 
televised. This moving story depicted 
the work of a man'named Tom Butter¬ 
field and the help he gave to foster¬ 
lings in Marshall: Mo. On Monday, De¬ 
cember 13, my longtime friend. Tom 
Butterfield died of respiratory failure. 

"The Children Nobody Wanted" is a 
true story. When Tom Butterfield was 
a freshman at Missouri Valley College 
In Marshall. Mo., he discovered the 
problems of children who have no¬ 
where to go, and for whom the law 
makes few, if any. provisions. Boy by 
boy. he made a life for these homeless 
youngsters. Tom fought increasing 
odds, from the lack of money, to out¬ 
dated laws. He became the youngest 
single adult—and the first bachelor— 
to be a legal foster parent In the State 
©f Missouri. He and his boys rented an 
old country club and turned it into 
their ranch. Today, there are four 
ranches, giving a homelife to over 100 
youngster*. 0 

During this special time of the year. 
It Is good to stop and thlhk about the 
road we are traveling. Looking at the 
trail of Tom Butterfield’s life. 1 can 
see that, although he died at the 
young age of 42. his contributions will 
go on for a very long time to come. It 
is appropriate, at this time of gift- 
giving, to look back at all the giving 
this man has done in his lifetimes 


ADMINISTRATION'S IN SENSITIVE 

APPROACH TO CANCER 

HON. ALBERTGORE, JR. 

or ixmun 

XX THX BOUSX or JtXraXSEX7ATlTXS 

Thursday, December 1$,1 PS2 

• Mr. OORE. Mr. Speaker, the pres¬ 
ent administration appears to be 
headed down a regulatory path that 
will needlessly expose millions of 
people to many known, cancer-causing 
chemicals at levels well beyond those 
traditionally accepted as safe and pru¬ 
dent. One example, documented in 
hearings held before the Investiga¬ 
tions and Oversight Subcommittee of 
the Committee on Science and Tech¬ 
nology which I chaired, was EPA’s 
failure to take rapid action in setting 
reasonable limits for exposure to 
formaldehyde, although it Is unques¬ 
tionably ar> animal carcinogen. My col¬ 
league, Hon, OtORcr E. Baowx, Jr. has 
done some excellent work in this area 
and has found similar evidence of 
EPA*s failure to regulate certain pesti¬ 
cides that have been clearly ■howc to 
cause tumors in animals. Two recent 
articles in the New York Times (Dec. 
4, 1982) and the Baltimore Sun (Dec, 
8, 1982) provide further documenta¬ 
tion of the new. high-rlik approach to 
Federal cancer policy. I commend 
them to the attention of my col¬ 
leagues. It is time for us to halt this 
administration’s crass and insensitive 
bottom-line approach in which costs to 
industry are balanced against in¬ 
creased human suffering. We all owe a 
debt of gratitude to the gentleman 
from California and I am looking for¬ 
ward to his forthcoming subcommittee 
report on thlk subject. 

The articles follow: 

[From the Baltimore Sun. Dec. 8.1882) 
EPA ajtb Caxcex Tax Shittixc Btaxpaju* 

(By Ken Cook) 

Waskix erroir —In what acme critics charge 
U a fundamental and unjustified change in 
federal cancer policy, the Environmental 
Protection Agency <EPA> has determined 
that an insecticide which caused cancer LD 
laboratory animals poses do cancer risk to 
human beings. 

The declilon removes the last barrier to 
the permanent registration of the Insecti¬ 
cide permethrin for use on doaens of U8. 
crops. 

As a result of emergency exemptions 
granted by the agency since 1977, permeth¬ 
rin already i* one of the country's major In¬ 
secticide*. used on millions of acres of vege¬ 
tables. beans and cotton each year. Per- 
methrln is marketed under the trade names 
Pounce and Ambush. 

A leading critic of the EPA decision. Rep¬ 
resentative George E Brown, Jr.. <D.. Calif ) 
characterises the permethrin ruling as "one 
of several actions that suggest the EPA has 
adopted a new set of scientific principles in 
reaching regulatory decisions on proven 
animal carcinogens.” 

Federal pesticide law does Dot prohibit 
registration of cancer-causing chemicals If 
dietary and occupational exposure can be 
kept below the safety level established by 
the agency. By contrast, the Food and Drug 
Administration must by law prohibit the use 


of any food additive shown to cause cancer 
in laboratory animals. 

* The practical effect of a decision to brand 
permethrin as a human carcinogen would 
have been a greater restriction on the 
Dumber of crops for which it could be regis¬ 
tered Such a ruling might also have left the 
manufacturer*. EMC Incorporated of Phila¬ 
delphia, and I Cl. a British firm, more vul¬ 
nerable to product liability suits 
John W. Melone. director of EPA’s hazard 
evaluation division and author of the per¬ 
methrin decision (which appeared in the 
federal fUffUtrr In October), said that one 
of the long term animal studies submitted 
by a manufacturer in support of the chemi¬ 
cal's registration "was dearly positive'' for 
cancer, it reported that tumors had ap¬ 
peared on mice after they had been fed per¬ 
methrin over an extended period- Mr. 
Melone said five other studies submittd by 
manufacturers were accepted by EPA as 
showing do cancer-causing effects in labora¬ 
tory animals However. Mr. Melone de¬ 
scribed one of those studies as "quite con¬ 
troversial” because EPA scientttu could not 
agree on the results A seventh study, also 
conducted by • manufacturer, was rejected 
because of lrrerul*U>ries In the way It was 
conducted. 

Mr. Melone described the permethrin case 
as "unique” for having so many long term 
studies svailablt for scrutiny by EPA scien¬ 
tists Only two such studies normally are re¬ 
quired for pesticide registration. 

"We concluded that the weight of evi¬ 
dence suggested this chemical is highly un¬ 
likely to be a potential human oncogen 
tumcr-inducing substance)” Mr. Melone 
said in a telephone Interview. "And sine* we 
have to make a decision. we believe per¬ 
methrin should not be regulated as a poten¬ 
tial human oncogen.” 

Regarding the permethrin ruling. Mr. 
Melone said "Thene'i do question it's a 
change In perspective.” 

Representative Brown, chairman of the 
House Subcommittee on (Agriculture): De¬ 
partment Operations. Resarch and Fore ign 
Agriculture, which has Jurisdiction over 
EPA i pesticide program, said that "for the 
agency to adopt.a policy which. In effect: at¬ 
tempts to balance positive lens with Dega 
Uve ones Is clearly a bold step." 

Mr. Brown consider! the action "a monu¬ 
mental and qua* I-scientific leap of regulk 
lory faith.” 

There is a continuing debate among 
cancer experts over how to weigh various 
type* of evidence to determine a chemical's 
potential to cause cancer In humans. Al¬ 
though the precise mechanisms of cancer 
remain unknown, scientist* have for some 
time agreed that proven animal carcinogens 
do not all pose an equal risk of cancer to 
humans Traditionally, cancer regulatory 
decisions, including those made by EPA. 
have been made as If they did. 

In the past few years, several pancer re¬ 
searcher! and research Institutions have 
proposed detailed system* by which regula¬ 
tory agencies mlkht distinguish between 
"strong” and ‘ weak” carcinogens, based on 
Information gained from long term animal 
•ludlts such as those submitted In the per¬ 
methrin case. Regulatory actions might 
then take the form of an outright ban If 
guch a system ranked the chemical as a 
strong cancer risk. Chemical* Judged to be 
weak would be regulated leas stringently, or 
Dot at all. 

Last summer. EPA circulated to a select 
rroup of expert* a draft of a proposal to 
modify the agency * original cancer policy 
guideline! promulgated In 1914. The draft 
proposed a ranking *y*tem *Lmilar to one de¬ 
veloped by the Intenational Agency for Re- 
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Influence of Passive Smoking on Pulmonary Function: 
• A Survey 1 - 2 


Michael 0. Lebowitz 


Ott-i*** of Respiratory Sciences, Western! Research Laboratories, University of Arizona Health 
Sciences Center. CoUette **f Medicine, Tncson. Arizona 85724 


A review of the effect* of pauive smoking on pulmonary function ha* been mode. In 
children, there u uili a great deal of confusion and controversy. The range of the many 
■fleets studied t* limited; most prospective studies show small effect*. In general, it appears 
that respiratory trticiiioru in children may be increased with passive smoking. The effects 
m children's pulmonary function ranges from 0 to over the age range from conception 
to Jl) years; these differences in absolute magnitude are considered small. In healthy adults, 
the effect* on pulmonary function and symptoms ate not considered to be of concent; the 
effects in asthmatic* require further study. A study to evaluate the above effects is presented 
here. It derives from a prospective study of airway obstructive diseases in Tucson. Arizona. 
From that study, it was concluded that the effect of passive smoking on pulmonary function 
or respiratory symptoms (recorded on a daily basis) in children is not positive. Effect* may 
be «cen with regard to responses to other irritant* in passive-smoking children. In adults, 
no effect was seen, even in those with asthma or airway obstructive diseases; this may be 
due u> low dosage. It is concluded that Kin her. more appropriate studies are needed to 
understand the rok of passive smoking on pulmonary function, c a ua iw wl. 


INTRODUCTION 


Although there is substantial agreement that passive, or involuntary, tobacco 
smoking produces annoyance and sensory irritant effects, its role in producing 
cardiovascular or respiratory diseases is less clear (34, 47). The specific contri¬ 
butions of passive smoke to personal exposures and their effects have not been 
sufficiently documented. 

Several studies have shown that the levels of carbon monoxide and other 
wdestream smoke constituents in indoor areas are high in many instances (34, 43, 
46, 47). Deposition of sidestream cigarette smoke in the human respiratory tract 
has been shown to be only about 11%, much less than mainstream smoke (16). 
The impact of environmental tobacco on indoor concentrations of nitrogen 
dioxide (NCk) is usually small compared with the impact of gas stoves (64). Blood 
carbon monoxide (CO) levels may be higher in those exposed to passive smoke 
136, 42), but are probably lower than the carboxyhemoglobin (COHb) levels as¬ 
sociated with exposures to unvented gas stoves (34). Some of the same respiratory 
diseases may occur in indoor situations in which high levels of respirable sus¬ 
pended particulates (RSP) and gases are due to wood-burning or kerosene healers 
11, 53) and not to environmental tobacco smoke. 


1 Th» wu* supported by NHLB1 SCOR Gram HLU136. 

‘ Presented ut the Symposium “Medical Perspective* on Passive Smoking.** April ¥-12. !¥*4. 
Vicsuu. Austria. 
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MICHAEL LEbUWITZ 


PULMONARY FUNCTION IN ADULTS 

There have been several studies of passive smoking and respiratory impuirmeru 
in adults. Comstock el a!. (6) evaluated respiratory symptoms and Jung function 
in a community population and found some effects from gas stoves but no effects 
from passive smoking; no exposure measurements were made. 

Lchowitz and his co-workers (21, 22) studied chronic respiratory symptoms 
and lung function in a community population and found no effects of passive 
smoking. 

Kauffmann et al. (18) studied pulmonary function in adult populations in France 
(without indoor measurements or information about use of gas appliances). They 
found some effects of spouse's smoking on nonsmoking women, but the healthiest 
population lived in the most polluted areas. This indicated that the study might 
have been flawed by biased population selection, biased testing, or confounding 
factors. One epidemiological study of chronic bronchitis in Czechoslovakia (52) 
showed a significant increase of symptoms of this disease in passive smokers, 
but this occurred almost entirely among men and showed a much greater relation 
ip other adverse factors and/or exposures. 

~ The Harvard Six City Study (59) performed covariance analyses for adults, 
examining passive smoking, gas stove usage, and umbient pollution (by city) and 
controlling for age. sex, and smoking It found no effect of passive smoking on 
the adult respiratory system. Other population studies reported at a 1983 N1H 
workshop (33) led to the conclusion that there was bus Lully no effect on pul- 
Ihonary function and maybp only slight, inconsistent effects on symptoms in 
adults. 

White and Frocb (60) studied self-selected volunteers with regard to workplace 
exposure and reported some effects of passive smoking in a subset of their vol¬ 
unteers; their study lias been discussed in detail (23). Even with a biased popu¬ 
lation, poor study design, and incorrect statistical evaluation, there were no cfcar- 
cut, consistent, medically meaningful differences between passive smokers and 
groups of noosmokers; a corrected statistical analysis strengthened this conclu¬ 
sion. 

Three physiological studies of the effects of environmental tobacco smoke ex¬ 
posure on healthy subjects have been conducted, and all have been negative with 
regard to such effects (39. 51), even when massive amounts of smoke were used 
to expose nonsmokers (41). Two similar studies of the effects of environmental 
smoking on asthmatics and controls have demonstrated conflicting findings. One 
study (50) showed no important effect on asthmatics oi controls, whereas the 
other study (7) demonstrated a broncho-constrictor effect in highly reactive asth¬ 
matics at higher concentrations. 

PULMONARY FUNCTION IN CHILDREN - 

Studies of the relationship of children's lung function to parental smoking habits 
again show somewhat contradictory evidence. In some studies, such as those of 
Martinez el a /. (29). Yamell and St. Leger (63). and Kauffmann and Brille (17). 
effects of parental smoking were seen in terms of children's lung function: how* 
ever, these did not measure or control for other indoor (or outdoor) pollutants. 
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In other studies in which measurements were not made, contradictory results 
were found. Hussetblad et at. (15) demonstrated that maternal smoking habits 
explain 0. \% of the variance in children's forced expiratory volume (FEV) in the 
first 0.75 sec of the expiratory maneuver (FEV^), but they utilized data from 
previous studies that had shown no such trend when examining other risk factors 
at the time (4,14). Gas stove usage was'not found to be significant in either study. 

Ekwo et al. (10) found respiratory effects on children from gas stove usage but 

inconsistent effects of passive smoking. Tager et al. (57) and Schenker et al. (48) I 

found effects of parental smoking but not gas stoves; social status factors were 

again shown to be important. 

Recently, several studies of passive smoking effecu that included environ* 
mental monitoring have been performed. The results have been quite contradic¬ 
tory. In the studies by Florey et al. and Melia (II, 30,31), looking at other indoor 
pollutants, they could find no relation of passive smoking to children’s lung func¬ 
tions. Speizer et al. (55, 56) demonstrated the effects of gas stoves but not erf 1 
passive smoking on children. In the same study, the reverse was shown with 
different analyses of further data (59), but there were inconsistencies between 
different cohorts, even in the same city. Dodge (8, 9) examined children's lung 
function cross-sectiotully and logitudinally; he did not find any effect of gas stove 
usage or passive smoking, although self-re ported cough was higher in children 
exposed to parental smoking. Studies by Binder et al. and Schilling et al. (2. 49) 

(bund indoor levels of RSP higher in Connecticut homes with smokers, but no 
respiratory effects were seen in adults or children. Often, results have been in¬ 
consistent within the same study, or a single positive Ending has occurred without 
consideration for the number of comparisons examined. . 

The 1983 Geneva Workshop on Environmental Smoke (47) concluded* that no 
definitive studies of acute effecu in children have been performed. Furthermore, 
tber? was difficulty in interpreting several of the studies due to the large num¬ 
bers of children involved and the qualitative responses found. Additionally the 
specific mechanisms of some irritant gases [such as sulfur dioxide (SO*), ozone 
(0>). and formaldehyde] involved are also unknown. 

Retrospective studies of the etiology of respiratory diseases, such as asthma 
(13), have been discounted because of the major problem of reporting bias (4, 

,21). Patients with allergies appear to complain more of negative responses to 
environmental tobacco smoke (35,40,45, 54), as do many nonsmokers, but sub¬ 
jective responses generally have not been validated by epidemiological studies. 

The question also has been raised as to whether levels of environmental smoke 
per se found in the workplace could be considered sufficient to produce lUng 
function effects in workers (58). There has been little evidence that passive 
smoking has an effect on chronic symptoms in adults (33. 47). 

In Tucson, we have attempted to investigate the relationship between peak flow 
and reported respiratory symptoms and passive smoking, air pollutants, and aero- 
allergens (pollen, bacilli, fungi, algae) in the microenvironment of the home as 
well as the macro- (ambient) environment. 

METHODS 

A total of 117 families (229 adult and child subjects) in Tucson were randomly 
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chosen in a stratified sample of families in uniform geographic clusters from a 
representative community population talready under study <20)1, as previously 
described (23, 26). Studies of the total population sample indicated the presence 
of relationships between weekly symptoms and both air pollutants and allergens, 
controlling for weather (44). Stratification ensured that the families were repre¬ 
sentative of families with and without asthma in their geographic clusters. They 
were studied over a 2-year period, using daily symptom diaries and peak flow 
meters; daily response rates and peak flows were acceptable for a majority of 
days in all seasons (23, 28). All families provided environmental information as 
to characteristics of the house, yard, and streets, heating, cooling, type of stove, 
water heater, washer and dryer, and smoking in the home (26). 

Daily ambient monitoring data for air pollutants, aero-allergens, and meteoro¬ 
logical variables with regional and geographic dusters were used (23). indoor and 
yard (micro-outdoor) monitorings were conducted in a random duster sample 
representative of all study households (23, 26) for paniculate matter (RSP and 
total suspended particulate matter (TSP)J, pollen, bacilli, fungi, and algae, for 72 
hr each, and grab samples were made for CO and 0>. Microenvironmental sam¬ 
pling of pollen, algae, and fungi have been described previously (23 , 37, 38). 
Temperature and humidity varied by season, but the former did not vary very 
much indoors over the year and the latter did not differ much between indoors 
and outdoors over the year. 

TSP indoors ranged from 3.7 to 68.5 |tg/m ] , and simultaneous micro-outdoor 
TSP ranged from 2.1 to 169.6 jtg/nr*. Cyclone measurements of RSP hatha max¬ 
imum of 49.8 |tg/m } indoors and 124.5 pg/m J outdoors. Electroo microscopy 
yielded little identifying information on the type of dust found on the floors of 
homes. Infiltration of outdoor TSP indoors was sim.ilarto pollen infiltration: total 
micro-indoor pollen counts were approximately 5 % of the micro-outdoor pollen 
counts, which were about 5% of macro-pollen rates. Both TSP and RSP were 
significantly associated with environmental tobacco smoke (Table I), but not with 
gas stove usage (26). 

Averages of the two spot CO readings using infrared determinations were lower 
than 2.4 ppm; micro-outdoor readings were less than 3.8 ppm. Indoor CO was 
significantly associated with gas stove usage (26), but not with environmental 
tobacco smoke (Table 1). nor with gas-burning furnaces, water heaters, or 
washer-dryers (that is, vented appliances). Although low, it was used as the 
indicator pollutant measure of combustion emission from the gas stoves. Neither 
environmental tobacco smoke nor gas stove usage was associated with social 
status in this sample. 

RESULTS 

We found'many interactions between indoor and indoor-outdoor pollutants, 
and weather, with respect to health effects. Children's standardized peak flow 
(PEF) was related to outdoor environmental factors only (0 3 . TSP, temperature, 
and relative humidity); outdoor factors affected nonsmokers more than passive 
smokers (Table 2). 

Adult PEF was related to active smoking (as were chronic symptoms), gas 
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TABLE I 

Total Sustenued Paitkulatis (TSP), Ronrahle Suimo Pabticvlatij (RSP). am 
MONOXIDE (CO) »t ENVIRONMENTAL TiMMXO $MX£ 


t Caooh 


if 

p 

SfeW* 




No 


Yes 

TSPtM/m 1 ) 

Mesa 

17.7 


33.tr 

SD 

10.7 


It 2 

N 

14 


19 

RSP (M/m 1 ) 

Mean 

72 


i3.r 

SD 

1.0 


13.1 

N 

15 


19 

CO (M/m*) 

Mean 

\2 


12 

SD 

0.6 


0.6 

N 

14 


t: 


• Difference by two-toilcd i tni, P < 0 . 003 . 

M Borderline significant (two-taikd t (W) 0.05 < P < 0 , 10 . 

Move use, and outdoor NO : (independent and interactive) in asthmatics, ullergics, 
and normals. In some cases, PEF was related to outdoor 0 3 , temperature, and 
relative humidity in nonnormal groups combined. 

PEF in adult asthmatics was related also to temperature, high relative humidity, 
micro-pollen, and indoor TSP (Table 3), but not to passive smoking. Asthma 
attacks" in adult asthmatics were related to temperature and to indoor TSP and 
RSP, but not to passive smoking or outdoor TSP (28). 

Indoor TSP (but not passive smoking) was associated with rhinitis in asthmatics 
and nonasthmatics, as was RSP. Eye irritation in all adults and increased pro¬ 
ductive cough in nonasthmatics also were related to indoor TSP, but not to passive 
smoking. In addition, gas stove usage (and indoor CO) was associated with in¬ 
creased rhinitis in all adults, increased productive cough in asthmatics and al¬ 
lergies, increased sore throat in nonasthmatics, and eye irritation in ail adults. 
Micro-pollen was associated also with adult eye irritation and rhinitis (in summer). 



TABLE 2 

Chiicun i Mean Peak Flows i Expressed as Standardized Deviation Scores f: Ema or 
Outside Ozone in Passive ano Non smokers i Person Days - 1.566) 




Outside ozone 



Very low 

Low 

Moderate 

High* 

Non smokers' 

0.075 

0.059 

-0.175 

— 0.444 J 

Passive smokers 

0.071 

— 0.041 

-0.046 

-0 07V 


Mur, Overall ANOVA P < 0.0001. 

* Deviation* of individual value* from seasonal mean*, standardized for seasonal variation. 

* High: Max hourly O, I ppm) > 0.08. 

4 Analysis of variance. P < U.U01. 

v aiCl) • -Ig-rtf, significantly greater day*u>-day change than seen in normal* i22L 
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TABLE 3 

Axsocunota or Ittooot TSP with Avuua Pear Flows IStanoardoed Deviation Scores* »h 

ADULT ASTHMATICS 


PEF 


Udour TSP 


Low 

Moderate - 

All 

Mean 

-1.17 

-1.92 

-126 

SD 

0.99 

1.03 

124 

. Person days 

1205 

uw 

2239 


Note. AnsJyvu of variance. ^ < 0.0001. Deviation* of individual value* from sauooaj me 
standardized for mioml variation. 


Thus, sensitive groups (children, asthmatics, allergies. ADD subjects) had more 
reactions to Indoor and outdoor pollutants. Children were found to spend more 
time outdoors, usually with exercise, and were affected by outdoor pollutants 
more; these results confirm previous findings in Tucson (19). Indoor pollutants 
affected sensitive adults more than did outdoor pollutants. Indoor TSP was as* 
socialed with health effects, but not passive smoking per se, indicating that other 
characteristics of indoor TSP were important (28). 

We have shown that active smokers have higher circulating immunoglobulin E 
(IgE), which with smoking is related to airway obstructive diseases (3). However, 
we were not able to see any increase in IgE in passive-smoking children liable - 
4). Generally, our recent findings are compatible with our previous negative find¬ 
ings (21, 22, 33). However, the blunting of irritant effects in children (seen in 
Table 2) needs fun her explanation. 

DISCUSSION 

Other effects of passive smoking have been reviewed recently (27. 47). The 
studies performed so far continue to provide confusing results vis-i-vis most 
public health issues. Many of the problems of positive studies are due to floor 
study design related to reporting bias, lack of control for family concordance, 
interaction among various pollutant emitters, lack of appropriate measurements 
(61), and crude statisticaJ studies of geographical differences. 

Confounding factors need to be incorporated more explicitly and completely. 

TABLE♦ 

Circulating Log Immunogloruun £ (!*£) in Children tv Current Parental Snoring 


Lot l*E 


Parental smoking 

N 

Mean 

SD 

_ro 

Both imoke 

58 

1.76 

0.77 

o 

Fmher smokes 

•6 

1.45 

0.69 

ro 

Mother unok.es 

24 

2.09 

0.64 

co 

Neither unokc 

144 

1.91 

0.40 

_ CO 

Ao/r. Analysis of variance. F « 0.254. 
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Better ascertainment and control of the covariables and confounders are needed 
112). These include the following: , 

U) Unvented combustion products from combustion appliances: gas (especially 
stoves), wood burning, and kerosene burning. 

(b) Effects of other indoor pollutants (e.g.. formaldehyde, consumer products), 
mostly irritant in nature; including interaction effects. 

(c) Other indoor conditions of biological importance, such as (i) temperature 
and humidity conditions, size of bouse, ventilation (e.g., air exchange rates); (ii) 
pollen, molds, mites, and other allergens; and (iii) infectious organisms. 

Id) Outdoor and occupational exposures and personal mobility, representing 
total/integnted exposure (includes consideration of geographic region, urban/ 
rural setting). 

(c) Socioeconomic status, cultural, ethnic, and religious factors (re: crowding, 
■umber of siblings, household conditions, occupation of parents, host conditions, 
risk of infectious spread, medical knowledge, medical care, reporting biases, 
etc.). ! 

(0 Demographic and medical characteristics of the study population, such as 
li) age. sex, marital status; (ii) presence of underlying respiratory condition (e.g., 
bronchial reactivity, clinical airways obstruction. atopy); (ii) disability and/or 
comorbidity. 

(g) Parental syndromes, like productive cough, which would mask other pro¬ 
cesses/mechanisms (e.g.. genetic, infectious) or affect reporting (4, 21) (e.g., - 
winter morning phlegm). 

(h) Maternal smoking during pregnancy and resulting effects on fetus and new¬ 
born. including low birth weight (33,46). 

(i) Annoyance responses, including odor problems, other psychological or so¬ 
cial responses to tobacco smoking in a nonsmoker. 

(j) Unknown smoking by subject. 

A major problem to be resolved is the determination of the actual dose to the 
passive smoker (34. 61, 62). Monitoring of airborne particulates and organics is 
■ceded (47). Respirable particulates indoors are usually driven by smoking (2. 
26. 64). However, the smoking-generated fraction of these concentrations is not 
related to health etfecis (28.49). This implies that sizing and speciation of panicles 
are necessary (61. 62). The differentiation of sources and concentrations would . 
be very useful in determining mechanism of effects as well as the sources of* 
primary concern. 

Friedman and colleagues (12) showed, by questionnaire responses of about 
38.000 adults, that 63% of people were exposed to environmental tobacco smoke, 
but their reponed exposure was poorly correlated with serum thiocyanate levels. 
Exposures were correlated significantly with other health-related characteristics, 
including age. use of alcohol and marijuana, and exposure to occupational haz¬ 
ards. They were also correlated with sex. race, lower educational status, and 
single marital status. The reported concordance of mariud smoking habits by 
categorization of spouse’s smoking resulted in considerable misclassification, in¬ 
dicating spouse’s smoking habits are a very inaccurate index of exposure. Future 
studies of passive-smoking effects should thus take these findings into account. 
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The WHO/EURO Working Group (62) examined puxsivc smoking within the 
context of all indoor exposures. It was felt that the current levels of knowledge 
did not yet allow quantitative assessment of the impact on the public health, as 
the knowledge of exposure effect relationships was inadequate, especially fur 
delayed effects of chronic exposures. In terms of exposure levels, there were no 
data on how many cigarettes were being smoked in each of those indoor places 
where passive smoking can occur, and the ability to estimate how this is distrib¬ 
uted within the building stock is marginal. It was felt that the amount of current 
information about the fraction of the population exposed to levels high enough 
to be a public health concern is smaller. The amount of information aboutHhc 
specific pollutants that might be responsible for the effects of concern is also very 
small. Of the variety of potential adverse effects, it was felt that only for irritation, 
odor, and airway response is their even a marginal amount of current knowledge. 
This group also felt that there were many possible pollutant interactions and that 
there were many other confounding exposures involved in examining the effects 
of passive smoking. Thus, in terms of relative priority, effects of passive smoking 
were low in comparison with other concerns, based on knowledge levels. Since, 
however, passive smoking may indeed be an important public health concern, it 
should be studied further. Attempts are currently being made by various groups 
to consider potential efficacious methods for further studies of the health effects 
of passive smoking (33, 47). 
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The Influence of Passive Smoking on Pulmonary Function— 
A Study of 1,351 Office Workers 1 

Michael Kentner, 2 Gerhard Triebic. and Dieter Weltle 

institute of Occupational and Social Medicine and Potyciink of Occupational Diseases of the 
University of Ertungtn-Nmrrmberx, SckiUerstrasse 25/29. v 

X>4C520 Esiafige*. Federal Repudik of Germany 

Until now it tuu been difficult to Ascertain bow much passive iahnhuion of toba cc o amofcr 
aflccu bronchopulmonary (iincuon. To answer this question. no mvesligiiuun involving 
1351 whiuc collar worker* w*» carried out. Information about active noil pu»»ivc to b a cc o 
smoke exposure was obtained by a siafshrUixed questionnaire. Thin nuute it possible to 
subdivide the overall group into five subgroup*: Never smoker*. passive smoker*. ex* 
smoker*. current smokers. ami ocher smokers. Forced txpimory vital capacity (FVC) and 
waximnf expiratory flow-volume (MEFV) curves were used for bunt f unct io n analyte*. 
From these curvet FVC. forced mid-expiratory flow (FEF 25/75). forced cod-expiruiory 
flow (FEF 75/15). and maximal mid-expiratory flow (MEF 25/75) were determined and 
standardized for tcx. age. height, and body weight, festive smokers evaluated by this 
m eth od showed essentially no decrease in parameters describing ventilatory function. It is 
con cl uded from the dose-and time -effort retaiioaships obtained in active smokers between 
the lung function parameters and the duration of tobacco smoke exposure on the one hand 
and the daily consumption of cigarettes on the other that fu»wv* smoking in small doses 
may have no essential effect on pulmonary fraction, c nut % i ■ iw. a*. 

. INTRODUCTION 

9 

One of the numerous questions that have not yet been unequivocally answered 


with respect to passive smoking is its effect on bronchopulmonary function in 
people with healthy lungs. A number of studies in children indicate a certain 
negative influence, particularly in children ui preschool age (II, 30. 33). Other 
studies, however, fail to confirm such an association (5, 18. 27. 29). Recent're¬ 
views on this subject can be found in publications by Weiss et ul. (34) and by 
LebowitzU9). / 

To date, only a few studies have been published on the effects of passive 
smoking and pulmonary function in adults (7, 14, 27, 35). These investigations 
were usually initiated within the framework of research projects not primarily 
concerned with passive smoking. As a result, certain restrictions must inevitably 
be made regarding the relevance of these findings. This point will be considered 
in more detail in the discussion. The investigation reported herein, in contrast, 
was designed and carried out for the sole purpose of confirming or denying any 
significant effects of passive smoking on the bronchopulmonary system using 
pulmonary function measurement. 

1 Presented at the Symposium "fcftedicai Perspective* on festive Smoking." April *-12. IV*4. 
Vienna. Auxin*. 

1 To whom reprintrequests should be addressed. 
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A loud of IJ51 people <941 men and 410 women) took pan in the study, which 
was carried out in 1V82-I983. Participation in the study was voluntary. Ali par¬ 
ticipants were white-collar workers, the majority of whom were employed in 
sedentary office jobs. Test subjects were recruited from the staff of an adminis¬ 
tration authority and two large industrial companies located in Northern Bavaria, 
a region with a relatively k>w level of air pollution. All those participating anon¬ 
ymously filled out a standardized questionnaire specially developed for this study, 
and upon completion handed it in a closed envelope to the person carrying out 
the examinations. 

The pulmonary function tests were carried out with an electronic spirometer. 3 
The device was calibrated either daily or prior to each new series of measure¬ 
ments. The spirometric examination was conducted by two trained examiners 
with a knowledge of medicine. Special attention was paid to good cooperation 
ga the pan of the test subject with respect to the respiration exercises, which 
were generally repeated two to three times. 

Of the various pulmonary function parameters, those listed in Table 1 were 
included in the fiinher analysis. These parameters were identical to those used 
in comparable studies. 

These data were transferred, anonymously, to documents designed for elec¬ 
tronic data processing. Evaluation of the data was effected on a data processing 
system of the type Cyber 845. 4 After various plausibility checks and appropriate 
adjustment of the data record and group, the overall group was subdivided into 
five subgroups (Fig. 1): 

U) Never smoker? (NS), defined ,as persons who have never been regularly 
exposed to tobacco smoke, either actively or passively. 

Cbl Passive smokers iPSh defined as subjects who have never actively smoked, 
but who are currently exposed to passive smoking. Here, three subgroups were 
differentiated: 

ill PS exclusively with household exposure to passive smoking (PS/H), 

(ii) PS exposed passively to tobacco smoke only at their place of work 
(PS/W), and 

(iii) persons with a combination of passive smoke exposure (PS/HW). 

CO Ex^smokers (£5). defined as persons who had given up active tobacco 
smoking at least 6 months previously. 

(d) Current smokers (CS), representing the group of persons who, at the time 
of the investigation were actively smoking and inhaling the smoke. 

(e) OtJu-r smokers (05), representing a remaining category in which noninhaJing 
cigarette smokers and cigar and pipe smokers were grouped together. 

Considerable care was expended on the standardization of the analytical pul¬ 
monary function data. For all the pulmonary function parameters, on the basis 
of the NS group, formulae for internal predicted values were computed, using 

’Siregnosi FDIO. XY Recorder £22IS. Siemeo*. Erlangen. FRG. 

* Control Dciu Corporation. Minneapolis. Minn. 
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TABLE I 

The Pmametou Employed hj» Pulmomaby Function Analysis 


Method 

Fulawoery funcuoe pummeter 

Abbrevtuioo 

Forced viol opacity 
curve 

Forced expiratory viul capecuy 

FVC 


Forced md-e&ptretory flow 

FEF 25/TS 


Forced eed-expinnory flow 

FEF 73*5 

Mjjufol txpimory 
flow-volume curve 

Mm rime! marf-txpiretory flow 

MEF 25/75 


multiple regression analyses, and taking into account sex. age. height, and body 
weight. A comparison of the reference values thus obtained, with standard values 
established by other authors (4. 17, 33, 26) shows a good level of agreement. 
According to these figures, the standard values decrease with increasing age and 
weight, while an increase in height results in an elevation in the predicted value 
(Table 2). All the individual values actually measured were convened into a per¬ 
centage deviation from the predicted standard value. 

The differences in the pulmonary function parameters standardized in this way 
were statistically checked in a subgroup comparison, using a non parametric lest 
procedure. This procedure involved a comparison of several independent samples 
as described by Kruskai and Wallis (36). A significance level of P « 0.05 was 
chosen. 

RESULTS 

Croup Structure 

Table 3 shows the size, average age. and prevalence of pulmonary disease in 




Fig. t. Subgroup* in accordance with i 


i unoix exposure criteria. 
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table: 

Correction Fact*mu mm the Stahimruoahiin •* the Pulmonary Function Parameters 




Aft 

iytun) 

Height 

<») 

Wdebi 

<k«J 

CtWttt. 

- 

FVC 

M 

-o.oa 

3.71 

-o.oi i 

-3.37 


iU 

F 

-0.03* 

4J7 

-0.003 

-1.0* 


FEF2V7J 

M 


4 JO 

*0.014 

-1.72 

. 

OJS) 

F 

-0.043 

1J7 

-0.020 

1.27 


FEF7S/HJ 

M 

—0.027 

13.15 

-0.0*4 

-12.01 


IL/S> 

F 

-0.091 

6.4* 

-00Hit 

-0J6 


MEF 25-75 

M 

-0.006 

3-51 

-0.029 

-0.03 


IL/SI 

F 

. -0.023 

U4 

0.031 

0.03 



each subgroup. The average age varies between 39 and 43 years for the men. and 
between 29 and 41 years for the women. Since almost all the pulmonary function 
parameters correlated negatively with age, the need for a standardization was 
thus underscored. 

The CS group was most frequently affected by bronchopulmonary prior dis¬ 
eases, but the differences were not significant when compared with the other 
groups. Since on the one hand, passive inhalation of lobucco smoke may induce, 
ur at least aggravate, chronic bronchitis, while active smoking may be the cause 
of this disease, the analysis of pulmonary function parameters would be affected 
by both including or excluding bronchitic subjects. It was, however, found that 
this had essentially no influence on the median values or the regression analysis. * 
For this reason, a basic group, excluding subjects with bronchdpulmonary dis¬ 
eases such as pneumonia, asthma, and tuberculosis in their history, but including 
the bronchitics. was used for further evaluation. 


TABLE ) 

Structure of the Group into Sorgroups. Numrf.r of Surjects. Average Age. and 
Bronchopulmonary Prior Diseases 



No. 

of Mftbjccu 
examined 

Aft 

(median 

values) 

Naiaooiu. 

Imachiiil 

tuberc. of 
the kings 

Chronic 

hfli| 

M 

F 

M 

F 

M 

F 

M 

F 

NS 

142 

66 

42 

41 

21 

7 

3 

2 

PS 

251 

132 

40 

36 

30 . 

17 

* 

3 

ts 

301 

59 

43 

39 

42 

i 

9 

3 

OS 

64 

12 

41 

29 

5 

2 

I 

2 

CS 

1*3 

141 

39 

31 

2* 

11 

9 

6 

Sil. 

041 

410 

41 

35 

136 

45 

30 

t* 
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KENTNEK, T1UEBIC, AND WELTLE 
Pull tnary Function Parameters in a Comparison of the Subgroups 

li he case of FVC (Fig. 2). the median values for men are similar in all five 
sub] »ups. while, in women, only that of the CS group differs significantly from 
the ree groups of nonsmokers. 

T t comparison of FEF 23/75 (Fig. 3) values shows results similar to thosc 
seei or FVC. as do the results of FEV,. not shown here. The greatest negative 
dev ion of the medians from the predicted FEF 25/75 values in both sexes was 
foui in the CS group. However, no statistically significant differences were seen 
bet' en the groups, which revealed a considerable scatter range for this param- 
etei 

li Hg. 4. the FEF 75/85 values are shown. Here. ES and CS differ significantly 
botl from NS and from PS. This, however, applies only to men. 

T s MEF 25/75 values show an even greater range of scatter than the prior 
par leters (Fig. 5). Nevertheless, here, statistically significant differentiation 
beu en the individual subgroups is possible. Thus, in the case iff the men. the 
ES oup differs from both the PS and CS,-while in the women. NS and ES differ 
froi CS. 

li re compare the deviations in the predicted values of the pulmonary function 
par teiers among the passive smoker subgroups, a heterogeneous picture is ob> 
tair l. Here, FEF 25/75 (Fig. 6) and FEF 75/85 (Fig. 7) values are considered by 
wai ff example. 

F ’ the FEF 25/75 values, all the mule PS groups are at about the same level 
(in e 100% range). By contrast, in the female PS group, a gradation is seen, 
wit! PS/W showing the smallest negative deviation from the predicted value, 
foil red by PS/H and PS/HW (Fig. 6). 
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fKi. 3. Median* uad 66 confidence levels of the percenuge devnakxu from predicted '< 
KfcF 23/73 in tex-tcpunucd **b%roup compvttoo. 


For the FEF 75/85 measurement, the situation is almost the reverse of the FEF 
25/75 medians (Fit*. 7). Among the men a “ranking” can be observed in that 
PS.H have the best function figures, followed by PS/W and PS/HW. Among the 
women, the medians are scattered around the 100% range in all three groups. 
Neither for FEF 25/75, nor for FEF 75/85, were any statistically significant group- 
specific differences evident. 

Dose - and Time-Effect Relationships between Tobacco Smoke Exposure ami 
Pulmonary Function 

In the CS group, the individual pulmonary function parameters were correlated 
with both the duration of tobacco smoke exposure and the daily consumption of 
cigarettes. The time-effect regressions are briefly discussed for FEF 75/85. 

Among men. this parameter deteriorates with increasing duration of tobacco 
smoke exposure. This relationship is statistically significant at the 5% level (Fig. 
83. Among women, however, no statistically significant change in FEF 75/85 as 
a function of the duration of exposure to tobacco smoke can be seen (Fig. 9). 
For parameters FVC, FEF i/75, and MEF 25/75. dose- and lime-effect re- 
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Fc. 4. Medium uml M» **» confidence levd* of the percentage deration* from predicted vuiuo of 
FEF 75/H5 m aci-ecpunued Mibgruup comparuon. 


lat ions hips with only low correlation coefficient^. not statistically significant, 
were observed. 


DISCUSSION 

Inflammation of the airways is the starting point of all chronic noncarcinogenic 
bronchopulmonary effects of tobacco smoke inhaiation (31). Although the pro¬ 
cesses which bring about functionally significant changes following the inhalation 
of tobacco smoke are not yet fully known, it may be assumed that f\cy represent 
multifactorial processes, for which the following paihomechanisms are under dis¬ 
cussion: 


(a) Enlargement of the mucous gland mass with resulting hypersecretion (9). 

(b) Impairment of the function of the respiratory ciliated epithelium, with build¬ 
up of secretion (3). 

(c) Increase in bronchial muscles (25), due to reflectory bronchoconstriction or 
direct bronchospasmic effects (2). ’ 

<d) Release of proteolytic enzymes from alveolar macrophages, with consecu¬ 
tive formation of a cemro-acinar pulmonary emphysema after years of smok¬ 
ing (9). 

(et ••Displacement*’ of the surfactant factor (25). with possible promotion of 
atelectasis. 
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Fig. 5. Median* and 66 id covUnkiwe leveh uf the percentage deviation* from predicted wiibe* uf 
MtF 25/75 in the tcx-vepuraicd *ub*ruup com pun von. 

The inflammation of the small airways represents the initial reaction of the 
bronchopulmonary system to the active inhalation of tobacco smoke <9, 24). This 
investigation is primarily concerned with clarifying the question of whether pas¬ 
sive exposure to tobacco smoke results in function-analytical significant changes 
in the small airways. There is a dose correlation between structural changes of 
. the small airways and the associated effects on pulmonary function (8). although 
the prognostic value of these lesions with respect to severe obstructive airway 
diseases has not yet been established <6. 28). 


The function-analytic correlate of a small airways dysfunction is. among other fO 

things, the flow limitation in the largely effort-independent, end-expiratory pan © 

of vital capacity 120. 21, 28). This results in characteristic deformations of FVC fO 

or flow volume curves, which are relatively easy to obtain in an investigation of CO 

larger groups of subjects. Although doubts have been expressed 11. 10) on the CO 

8 
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specificity of such pulmonary function analyses with respect to a small airways 
dysfunction diagnosis, the view that the determination of parameters such as FEF 
25/75. FEF 75/85, and MEF 25/75,in this respect, represents a sensible and useful 
function-analytic method (6, 22, 28) has largely become accepted. Admittedly, 
the determination of flow rules or flow differences in the diagnosis of small air¬ 
ways dysfunction makes sense only when normal values for such spiromfctric 
parameters as FVC and FEV, ure present (10. 22, 28). that is. when significant 
ventilatory and respiration-mechanical disturbances affecting the large airways 
can be excluded. This may be assumed, for the present study, since in all sub¬ 
groups, independent of sex, the FVC values scatter only in the range of a ±2tf 
deviation from the predicted norm. Only the female CS group, at -7%. represents 
an exception. Similar remarks also apply to the FEV, parameter. 

It is well known that end-expiratory flow determinations are subject to a large 
intruindividual (6) and interindividual (16) variation spectrum. For this reason, 
particular care was taken in this study to eliminate as for as possible, such inter¬ 
fering factors as prior bronchopulmonary diseases or inhaled noxae other than 
tobacco smoke. Furthermore, in order to limit the danger of an evaluation bias, 
the study was performed under blind conditions and great importance was at¬ 
tached to the precise standardization of the pulmonary function measuring results. 

Nevertheless, it was not possible to differentiate all five subgroups defined in 
accordance with tobacco smoke exposure criteria, on the ba*is of pulmonary 
function analysis. It proved possible only to discriminate the CS group from all 
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categories of nonsmokers and from nonactive smokers. In this connection* FEF 
75/85 and MEF 25^75 revealed the greatest discrimination. Even lime- and dose- 
eflfect relationships in the CS group between tobacco smoke exposure and number 
of cigarettes smoked per day on the one hand, and pulmonary function on the 
other* revealed only a few statistically significant correlations which* however, 
revealed inconsistencies in the sex-separated comparison. This result is possibly 
due to the relatively low average age of the members of the groups investigated, 
particularly among women. 

The precision of the measuring methodology and curve evaluation may be 
considered good. This was demonstrated by a parallel determination of the now 
volume curve for all subjects with the aid of a second electronic spirometer which 
determined the measured values automatically. It may. therefore, be assumed 
that the heterogeneity and inconsistency of the pulmonary function pattern results 
mainly from the large interindividual variability of the measured data. Thus* ap¬ 
parent correlations may also be simulated. 

On the basis of the calculations of various authors (12. 13. 15. 32). for passive 
smokers in general, a daily exposure of the order of magnitude of 0.2 to u max- 
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(r m 0.203, r m 0.012J. 

imum of five cigarette equivaleots (depending upon the smoke constituents) may 
be assumed, in addition, the various types of inhalation on the part of active and 
passive smokers must be taken into account. While active smokers inhale pri¬ 
marily mainstream smoke constituents via mouth breathing, passive smokers in¬ 
hale largely sidestream smoke constituents which enter the bronchial system via 
the nasopharynx. If additional consideration is given to the filtration function of 
nasal breathing, it may be stated that in the case of passive smoking one is dealing 
with the effects of a relatively low dose. Since, despite optimized methodology, 
dear and unequivocal dose- and time-effect relationships between daily cigarette 
consumption or smoking duration in years and pulmonary function have proved 
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impossible to establish or have been established only in an inconsistent form (as 
in the case of CS), this is all the more likely to be the case for the low-dose 
situation met with in passive smoking. 

As mentioned at the beginning of this article, only a few studies have so far 
considered the question of possible impairment of pulmonary function in adult 
passive smokers. These studies all have the disadvantage, owing to the nature of 
the data collection, of not being able to form groups for all possible factors of 
active and passive tobacco smoke exposure. This means that there is a danger of 
selection bias involving the nonconsideralion of possible positive or negative 
tesults. Since, however, a similar pulmonary function methodology was em¬ 
ployed. comparisons between our results and those reported in other studies are 
possible. 

In common with us. Schilling el al. (27) and Comstock el al. (7) were unable 
to establish any statistically significant reduction of pulmonary function in passive 
smokers (Table 4). In contrast. Kauffmunn et al. (14) found differences between 

TABLE 4 

Ktvuw or Twt LfTMAUiaE ON Amncuw So Fax Puxusmeo on tmk Tone Polnonaxt Function 

m Passive SmmjtMS 


Author* 

Subgroups* 

Pulmonary * 

function parameter 

Results" 


NVH 

N • m 

FVC. FEV, 

No statudically significant 

jtd..wn 

ps m 

114 

PEK. MEF 30 

reduction of hint function 

cs 

7» 

MEF 25 

for PSH. 

While and 

NS 

N m 400 

FVC, FEV, 

Concerning FEF 25/75 and 

Frurt. 19X0 

PS/W 

400 

FEF 25/75 

. FEF 73*5: PSW show 


cs 

1300 

■ 

statistically significantly 
lower values than NS. 
Values in PS/W do not 
differ essentially bon 
values m CS smoking ll- 
10 cigarettes per day and 
m CS without mhahoion. 

Cumsiock 

PS/H 

N - SW 

FEV, 

No statistically significant 


ES/H 

CS 

232 

•53 

FEV /FVC 

reduction of king function 
for PSH. 

KaulTmirfm 

NS H 

N • 1675 

FVC, FEV, 

Concerning FEF 2V75 in 


PSH 

1223 

FEF 23/75 

i 

females aged 40 years or 

significant differences 
between NS and PS/H. 
Dose-effect retabooship 
between reduction of lung 
function in PS/H and 
daily tobacco 
consumption of the 
husband. 


m See ic a( for abbreviation*. 
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never smokers aind passive smokers at home with regard to the FEF 25/75 pa¬ 
rameter. and also a dose-effect relationship between the reduction in pulmonary 
function in passive smokers and the doily tobacco consumption of tbe subject's 
spouse. However, these relationships were statistically significant Only for 
women, and then only for certain age groups, lb dote. White and Froeb (35) are 
Che only authors who unreservedly find that passive smoking leads to an impair¬ 
ment of pulmonary function. The predicted value reductions in the case of persons 
passively exposed to tobacco smoke at the workplace do not, however, differ 
ewentiully from those seen in active smokers consuming between I and JO cig¬ 
arettes a day. This result is difficult to reconcile with a rational dose-effect 
relationship under the assumptions made earlier lsee also Lebowitz (19)]. 

Taking our own results into consideration, it seems that the passive inhalation 
of tobacco smoke at home or in the workplace by healthy individuals probably 
does not lead to any essential impairment of pulmonary function, lb what extent 
this also applies to extreme passive exposure to smoke must remain the subject 
of further investigation. Thus, for example,, persons working in restaurants or in 
poorly ventilated rooms muy be exposed u> high levels of smoke pollution. 
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PASSIVE TOBACCO SMOKE INHALATION AND LUNG 
FUNCTION IN ADULTS 

M.Krntner & D. WtWe 

hutitut fBr Arbdts- and SoaW-Mediai» t University of Ertangen-Nnremberg, SchfDentrcfie 25/29, 8520 Erlangen, FRG 


To find an answer to th« question, whether passive inhalation of tobacco 
stnoke nay cause a reduction of lung function, an investigation involving 1,364 
white collar workers with healthy lungs was carried out. The gTOup was divided 
into never smokers, passive smokers, ex-smokers, and current smokers. Lung func¬ 
tion was tested by measuring the flow-volume curve standardised for age, height 
and body weight. Our findings confirmed, as expected, that active smoking causes 
an impairment of pulmonary function* Ex-smokers and passive smokers showed no 
flow reductions, which were out of the range of the normal variability. From this 
it follows that average everyday passive smoke exposure in the office or at home 
docs not lead to essential impairments of lung function in healthy adults. 

INTRODUCTION 

There is no doubt that active inhalation of tobacco smoke can cause a reduc¬ 
tion in pulmonary function. This applies both to the ventilation with decreased 
forced expiratory vital capacity (FVC) and to forced expiratory volume in one 
second (FEV ) (4, 14, 22, 26, 30, 49, 51, 55). Furthermore obstructions of the 
small airways have been discovered in active smokers by other authors using end- 
expiratory flows of the flow-volume (MEFV)-curve (4, 9, 16,, 29, 37, 44)., 

Our knowledge of the effects of passive smoking on the bronchopulmonary 
system, however, le still far from being complete (Surveys in 2, 3, 15* 17, 21, 

28, 32, 34, 35, 52, 57). 

Studies in children are of particular interest because developing lungs 
may be more sensitive to the effects of environmental tobacco smoke. Therefore 
until now already 24 epidemiologic research papers have been published on the 
effects of current or life-time parental smoking on pulmunary function in 
children. 

Some studies demonstrate a significant negative effect of parental smoking 
(e.g. 47, 48, 50, 56, 61), other results are inconsistent (e.g. 18, 53, 54) and 
a number of investigations fail to find any associations between parental smoking 
habits and a decreased pulmonary function in their children (e.g. 13, 33, 42, 46). 
These inconsistenciea may depend on misclassiflc&tion bias, socioeconomic status, 
outdoor air quality, home heating, air conditioning and humidity, genetic factors 
and in utero or lactational mechanisms by maternal smoking (survey in 62). 
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In persons with bronchopulmonary prior diseases , i.e. bronchial hyper¬ 
reactivity,, chronic bronchitl* or asthma, passive smoking can aithar aggra¬ 
vate or lead to a ralapaa of the illness aa la reported In some atudlea 
(12, 41, 45, 59), Other authors auch aa Lebovitz (31), did not find thaaa 
effacta. 

In view of these partly contradictory findings the question axlaca to 
what extend passive smoking can impair lung function in healthy adults - 
Only a few studies have dealt with this question and their results are not 
uniform* To obtain a better insight Into this issue, ve carried out a study 
involving a larger group of white collar workers in 1982 - 1983 (27). While 
our evaluation at that time concentrated on the time-volume curve, our atten¬ 
tion is focussed at present on the flow-volume curve. 

PATIENTS AND METHODS 

A total of 1,351 subjects (951 men and 413 women) took part in the 
study. All of them were office workers and participated voluntarily under 
blind study conditions. The subjects filled out a standardised question¬ 
naire containing among other questions regarding their smoking habits and 
bronchopulmonary prior diseases. 

Subsequently the overall group was divided into four subgroups : 

- Never smokers (NS), defined as persons who have never been 
regularly exposed to tobacco smoke, either actively or passively. 

- Passive smokers (PS), defined as subjects who have never actively 
smoked, but who are currently exposed to passive smoking. 

- Ex-smokers (ES), defined as persons who had given up active 
smoking at least six months previously. 

- Current smokers (CS) representing the group of persons who, at 
the time of the investigation were actively smoking cigarettes, 
cigars or pipes. 

The size of the subgroups, sex ratios, average age and prior diseases 
in the lower respiratory system are specified in tab. 1. 

As statistical analysis of associations between lung function in 
healthy subjects and persona with prior diseases such as pneumonia, asthma, 
tuberculosis of the lungs and chronic bronchitis shoved no significant 
differences, subjscts with prior illnesses were not excluded. 
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FEUA4X O-SUOKERS 




1: MEFV-curvea in male and 
female current smokers 


Fig. 2: MEFV-curves in male and 
female ex-smokers 


This means that in men the effect of tobacco amoke inhalation is pre¬ 
dominantly reflected in a amall airways dysfunction,, whereas in women active 
inhalation shows more severe effects (36). The depression of the entire 
flow-volume curve in female CS indicates more central bronchial obstruc¬ 
tions (25) . 

The fact that women consume fever cigarettes than men and also spend 
a shorter period as smokers shows the particular health hazard in women. 
While women reach 6.7 packyears (20 clg./day), men have a consumption of 
16.6 packyears (tab. 3). 

Ex-smokers 

We found no essential worsening of lung function In ex-smokers either 
in men or in women (fig. 2). The only exception here is the decrease in 
MEF 25 and MEF 15 in men. On the other hand, PEF and MEF 75 in male ES 
show an increase. 

Mean ex-smoker period In men waa 7.0 yaara and In woman 4.5 yaara 
(tab. 2). Apparently during that time a restitutio ad integrum occurs, 
also in women, although the impairment of their lung function due to active 
smoking is more pronounced than in men. Similar results have been obtained 
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ES n 20.0 *9.0-37 5> 15.0 (7.5-22,51 15-0 (J.5-*2.Q) 7.0(1.5-12,5) 

r ]*.0 15.5-22.5) 9.5(2.5-11.0) 6.3 (0.5-20i51 *.511.0-9.5) 
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Tab. 3: Smoking habits in ex-smokers and current smoker# 
(median value* and 66 2/3 confidence intervals). 


in intervention studies (5, 7, 8). For example Buist et al. (8), by mea¬ 
suring lung function standard parameters* demonstrated a clear improve- 
mant in ventilation after smoking cessation within a period of six to 
seven months. 
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Fig. 4: MEFV-curves in male and 
female nonsmokers 
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Passive smokers 

Fig. 3 shovs no disturbance in lung function for male passive smokers. 

In women PEF and MEF 75 still lie within the normal confidence interval, but 
the statistical analysis reveals a reduction. 

This finding Is difficult to interpret. If these changes are to be 
attributed to passive smoke exposure, the results found for active smokers 
would lead us to expect a decrease in the other flow rates as well. A 
possible explanation for the Isolated reduction of PEF in female PS might 
be the relatively high interindividual variability of the flow-volume curve. 
This may lead to accidental correlations. 

Hever smokers 

As the NS group also represents the reference population, no statisti¬ 
cally significant alterations of their values can be expected (fig. 4). 
Findings by other authors 

Up to now eight studies have been published on passive smoking and lung 
function in healthy adults (tab. 4). These are exclusively cross-section 
studies. 

Only in two studies the flow-volume curves were determined besides re¬ 
cording the time-volume curves. Whilst Brunnekreef et al. (6) found a sta¬ 
tistically significant reduction of PEF and MEF 75 in PS in comparison to NS, 
Schilling et al. (42) were unable to establish such a relationship for any 
lung function parameter. 

The remaining six studies which concentrated only on the time-volume 
curve did not show uniform results. Whereas three investigations confirm a 
reduction of lung function due to passive smoking (23, 38, 58), this rela¬ 
tionship was not supported by the other three studies (11, 19, 27). 

These investigations differ considerably in the methods applied. This 
discrepancies are mainly found in formation of subgroups, lung function pro- 
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ceduret, standardization and* moreover* age structure of the participants. 
Therefore, any direct comparison can only be limited. 

The best way to compare them Is by calculating the differences in 
lung function parameters between NS or normal persons on the one hand and 
in PS on the other. The data available can be seen in tab. 5. In female PS 
flow decreases for PEP and MEF 75 between 10 to 16 I and 9 to 14 X, reap, 
were found. For both male and female PS, decreases in FEF 25 - 75 and FEP 
75 - 85 can b« calculated which are between 6 and 9 X or 5 and 15 X* reap. 

Reductions of this magnitude in our investigations wars only found in 
comparing with NS and CS. Thus in female CS PEF was decreased by 19 X and 
MEF 75 by 14 X. For FEF 75 - 85 reductions were between 8 and 18 X in CS 
(27). 
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F PtF 

• 

0.75 i/s 

<i0 XI 

aged WO - 60 rl;A*s. omv wqmem) 

F MtF 

75 

058 l/s 

( 9 X) 

- MS VS, PS/M UXPOStD SI MCI AlOvJl 15 «A*S. 

F PtF 

. 

1.53 l/s 

<18 X) 

aged M0 - 60 TIAHS . oetT wo«iK) 

f MEF 75 

0.97 l/S 

(U XI 

WMITt 1 FR0EB (1930) 





- NO*«Al FE*50« VS. PS/M 

* FEF 

25-75 • 

0.20 L/i 
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F FEF 

25-75 • 

0.19 at 

( 7 X) 


h FEF 

75-85 • 

0-05 t/S: 
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F FEF 
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0.12 l/s 
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- HS vs. PS/H (AGED <40 VEA»S 01 «0»l) I 

F FVC 

- 

0.09 t/s 

< 3 X) 


F FEV, 

1 

0.09 l/S 

< M X) 


F FEF 

25-75 - 

0.17 i/s 

< 6 X)' 


Tab. 3* Differences of Tun-; function uara-cters in non-s*io!;ers 

with statistically significant association between p 

passive smoke exposure and lung function reduction. 

This would mean that the strain put upon lung function impaired by 
passive smoking is comparable with that by active tobacco smoke inhalation. 
That this cannot in fact be the case is emphasized by estimating the doses 
of the most principal bronchial irritants found in tobacco smoke to which the 
passive smoker is exposed. At sedentary or easy physical work over an 8-hour 
workshift cigarette equivalents of between 0.04 and 8 cigarettes may be taken 
into account* depending on the substances measured (tab. 6). Especially with 
regard to the equivalent of 8 cigarettes concerning nitrogen oxides it has 
to be assumed that ocher sources than tobacco smoke have not been taken into 
account. The substantial deviation is due to the great variability of tha 
external exposure. This depends primarily on the amount of tobacco smoka 
emission and the ventilation of the room (39) while the internal exposura la 
mainly datermined by the ventilations of the lungs. 

Taking cigarette equivalents into consideration, tha effects of passlvs 
smoking on lung function found by White 6 Froeb (58), Rauffmann et al. (23) 
and Brunntkreef et al. (6) are too high. A positive confounder In these in¬ 
vestigations might be that persons having pre-existing impairments of lung 
function or bronchial hyperreactivity nevar taka up smoking (51, 55) and so 
are over-represented in the PS group. 

Furthermore, the question arises to what extent the described impair¬ 
ments of lung function due to passive smoking are of pathophysiological 
relavance. In 1984, the American Thoracic Society (I) published a diagram 
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Tab. 6: Cigarette equivalents for passive smokers concerning 
respiratory membrane irritants (Henschler 1983) 


shoving the various degrees of damages to the respiratory system from air 
pollution, which demonstrates a vide transitional field between physiologi¬ 
cal and pathophysiological alterations (fig. 5). This applies particularly 
to lung function parameters (24). 

In general it may be assumed that under normal everyday conditions 
passive smoke exposure does not Induce relevant pathological changes of 
bronchopulmonary function in healthy adults in the sense of adverse effects. 
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Fig. 5: Spectrum of biological response to pollutant exposure 
(American Thoracic Society 1984) 


CONCLUSIONS 

From the findings available so far there is no evidence that average 
tveryday passive smoke exposure in the offics or at home leads to an essen¬ 
tial reduction of lung function in healthy adults. 

Under unfavourable conditions (forced and passive smoke exposure over 
many years, small rooms, heavy physical work, prior Illnesses of the respi¬ 
ratory system) a reduction in lung function due to passive smoking might be 
possible, particularly in women. 



t 

4 

X 


. W • v-v.-. r.j. 



Source: https://www.industrydocuments.ucsf.edu/docs/zqyxOOOO 













Source: https://www.industrydocuments.ucsf.edu/docs/zqyxOOOO 
























Petrovic, B., Petrovic, 0* , Slavkovic, V., Stevanovic, S. <1982) World 
Conference of the International Union against Tuberculosis, Buenos Aires, 
April 21-24, 1982. 

Repace, J.L., Lovrey, A.H. (1982) Ashrae Transactions 88, 895-914. 

Rylander, R., Peterson, Y., Snella, M.-C. (eds.) ETS-Environmental 
Tobacco Smoke. University of Genena, Switzerland 1983. 

Savel, F. (1970) Arch. Environ. Health 21, 146-148. 

Schilling, R.S.F., Letai, A.D., Hire, S.L. , Beck, S.T., Schoenberg, 

J.B., Bouhuys, A. (1977) Am, J. Epidemiol. 106, 274-283. 

Schulz, V. (1980) Prax. Pneumol. 34, 187-218. 

Seely, J.E., Zuskin, E., Bouhuys, A. (1971) Sciences 14, 741-743. 

Shephard, R.J., Collins, R., Silverman, F. (1979) Environ. Res. 20, 

392-402. 

Speizer, F.E., Ferris, B.J., Bishop, Y.M.M., Spenger, J. (1980) 

Am. Rev. Resp. Pis. 121, 3-10. 

Tager, I.B.„ Weiss, S.T., Rosner, B., Speizer, F.E. (1979) Am. J. 

Epidemiol. 110, 15-26. 

Tager, I'.B. „ Munoz, A., Rosner, B., Weiss, S.T., Carey, V., 

Speizer, F.E. (1985) Am. Rev. Resp. Pis. 131, 752-759. 

Tashkln, D.P., Clark, V.A., Coulson, A.H., Bourque, L.B., Simmons, M., 
Reems, C. , Detels, R., Rokaw, S. (1983) Am. Rev. Resp. Pis. 128, 12-16. 
Tashkln, D.P., Clark, V.A., Simmons, M., Reems, C., Coulson, A.H., 

Bourque, L.B. et al. (1984) Am. Rev. Resp. Pis. 129, 891-B97. 

Tockman, H.„ Menkes, H., Cohen, B. (1976) Am. Rev. Resp. Pis. 114, 711-722. 
Valentin, H.» Bost„ H.-P., Wavra, E. (1978) Zbl. Bak. Hyg. , I. Abt. 

Orig. B 167, 405-434. 

Vadal, S., Schanker, M.B., Samet, J.M., Speizer, F.E. (1984) Am. Rev. 

Resp. Pis. 130, 187-192. 

Ware, J.H., Dockery, D.V., Spiro, A. , Speizer, F.E., Ferris,, B.C. (1984) 

Ask Rev. Resp. Pis. 129, 366-374. 

Webster, P.M., Corimer, E.G., Man, S.F.P., Woolf, C.R., Zamal, N. (1979) 

Am. Rev. Resp. Pis. 119, 223-228. 

Weiss, S.T., Tager, I.B.* Speizer, F.E., Rosner, B. (1980) Am. Rev. 

Resp. Pis. 122, 697-707. 

Weiss, S.T., Tager, I.B., Schenker, M., Speizer, F.E. (1983) Am. Rev. 

Resp. Dis. 128, 933-942. 

White, J.R., Froeb, H.F. (1980) N. Engl. J. Med. 302, 720-723. 

Wiedemann, H.P., Mahler, D.A., Loke, J., Virgulto, J.A., Snyder, P., 
Matthay, R.A. (1986) Chest 89, 180-185. 

Wilcoxon, F., Katti, S.K., Wilcox, R.A. (1963) Lederle Laboratories, 
Division Amer. Cyanamid Company, Pearl River, New York 1963. 

Yamell, J.W.J., St. Lager, A.S. (1979) Br. J. Dis. Chest 73, 230-236. 
Witorsch, R.J., Witorsch, P. (1987) (not published paper until now) 





'i 

! 

* 

:4 


J-'. y 

' ** - ' ■■ 

• i *>*>■'■ 


5 mi 


A . , i; v. 

1$ 


ft l 


■ y* ■ .#■.' *■: t t 






r- it 

• . ... 


-j .-U =■' 




"-•A 




* i- ** - 


Source: https://www.industrydocuments.ucsf.edu/docs/zqyxOOOO 








Psychophysiological Response to Environmental Tobacco Smoke 
in an Experimental Social Setting 

G. Winneke, M. Neuf, A. Roscovanu, and H.-W. Schlipkotcr 


Summary 

Acute psychophysiological effects of environmental tobacco smoke (ETS), correspond¬ 
ing to carbon monoxide (CO) concentrations of 5 and 10 ppm and produced by an active 
smoker, were studied in 72 adult nonsmokers and compared to the effects of traffic noise 
(65 and 75 dB( A)) and of odorexposure (50 and 150 ppb of hydrogen sulfide). This sample 
represents the first block out of 126 subjects (Ss) for which data analysis was completed 
by N ovember 1987: Experiments took place in an actively ventilated exposure chamber in 
a social setting. Objective measures, namely, heart rate, blood pressure, rate of 
respiration, eye blinks, and lacrymal flow as wellias subjective measures of annoyance 
based on questionnaire items were taken four times during exposure; carboxyhemogiob- 
in (COHb) was measured before and after exposure. 

Whereas cardiorespiratory variables were not affected by ETS exposure, COHb, 
eyeblinks as well as part of the annoyance-data exhibited ETS-induced elevation, 
although not necessarily at the 5ppm-level in each case. ETS-induced annoyance at 5 and 
10 ppm dCO was comparable to noise-induced annoyance at 65 and 75 dB(A), 
respectively,. Ss preclassified as either strongly or weakly annoyed by environmental 
conditions in their neighbourhood* (e.g. traffic noise or industrial odors), as assessed in a 
social survey covering 2,300 individuals, also did exhibit significant differential 
susceptibility in terms of ETS-induced annoyance. From these still preliminary findings 
the tentative conclusion is drawn for a no-ad verse-effect-level (NOEL)'for acute 
psychophysiological effects of ETS to be located near the 5 ppm-levet in ternis of dCO, 
and for annoyance to represent a more generalized, stable reaction-tendency rather than 
a reaction to a specific environmental condition. 


Introduction 

Most previous studies dealing with acute psychophysiological effects of environmental 
tobacco smoke (ETS) have used smoking machines to produce desired levels of 
sidestream smoke exposure (Weber et al. 1976, 1979, 1981; Muramatsu et al. 1983). In 
deviating from this typical procedure, which is consistent but lacks ecological validity , we 
conducted a pilot experiment, in which nonsmoking students were exposed to ETS by an 
active smoker in a social, experimentally controlled setting (Winneke el al. 1984). 
Objective measures, namely eyeblinks, lacrymal flow, blood pressure, heart rate and 
respiration, as well as subjective measures of annoyance based on questionnaire-items, 
were taken four times during exposure; in addition COHb-concentrations were measured 
before and after ETS-exosure. Significant effects of ETS-exposure were found for COHb, 
blinks, lacrymal flow, as well as for most of the questionnaire-based information. With 
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the exception of some questionnaire-variables, exhibiting dose response-relationship, the 
majority of the dependent variables showed threshold-characteristics: The 15 ppm- 
condition only deviated significantly from the controli level. From this finding the 
tentative conclusion was drawn for a no adverse effect-level for acute psychophysiologi- 
cal effects of ETS to be located between 5 and 15 ppm dCO. 

In order (!) to substantiate this conclusion, (2) to compare acute psychophysiological 
effects of ETS to those elicited by noise- and odor-exposure, and (3) to gain information 
about the more specific or more generalized nature of the annoyance-response, the 
present extended study was conducted. The experimental part of this study, based on 126 
Ss altogether, is finished whereas data-analysis is still preliminary. Partial results based 
on the first set of 72 Ss are given and discussed here. 


Material and Methods 
External Conditions 

The experiments took place in a non-climatized but actively ventilated chamber with 
dimensions (lXwXh) 238 X 177 X 230 cm (9.7 cbm). Air exchange, as caltulated from 
the measured dilution of H2S in the chamber (see below) was 80 cbm/h. Two 
experimental subjects (Ss) and the informed experimenter who, in case of ETS-exposure, 
was the active smoker, were sitting in the chamber around a table playing games 
(Memory). Temperature and humidity in the chamber increased during the experiment, 
namely from about 57 to 66% (humidity) and from about 18 to 20°C on the average, 
irrespective of the experimental condition. 


Experimental Conditions 

During the experiment Ss were exposed in three counterbalanced sessions to ETS, traffic 
noise and odor, but at only one out of three levels of exposure. In accordance with 
previous work (e.g. Muramatsu et al. 1983) carbon monoxide (CO) was measured as a 
convenient, non-specific marker of ETS- exposure by means of non-dispersive infrared 
(IR-Fspectroscopy (URAS III, Hartmann & Braun, Frankfurt). CO-levels, defined as 
dCO by taking pre-exposure levels into account, were <1, 5 and 10 ppm, respectively. 

Active smoking of 0, 4.2 and 7.2 cigarettes of the same brand was necessary on the 
average to reach these CO-levels. 

Traffic noise was presented from calibratedtape-recordings at continuous equivalent 
sound levels of 65 and 75 dB(A), respectively; background sound pressure-level in the 
experimental chamber was 60 dB(A). Spot measurements were taken at random intervals 
by means of a portable sound level-meter (RC 345* Rcten-Eiektronic, Idstein). 

Odor-exposure was done by controlled metering predicted hydrogen sulfide (H2S) 
into the chamber from a pressure tank containing a calibrated gas-concentration of 100 
ppm. Chamber-concentrations were set at 50 and 150 ppb and were monitored by means CO 
of the photometric molybdenum-blue method (VDI, 1974) after about 30 min sampling- Co 

time. The odor threshold of H2S is between 1 and 3 ppb; 50 and 150 ppb correspond to Qf) 

perceived intensities of "distinct/strong" and "strong/very strong** according to a six- Co 

point rating-scale (Winneke et ah 1979). 
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Dependent Variables 

Before and after each experiment capillary blood-samples were taken from a fingertip for 
the determination of COHb by means of gas chromatography after methane conversion; 
CO-concentrations were converted to COHb by means of average Hb-concentrations for 
males and females, respectively. At the beginning and at three consecutive intervals 
during the experiment (15* 35 and 55 min) systolic and diastolic blood-pressure was taken 
by means of an electronic device (boso digital Standard). In addition the following 
measures were taken continuously during the experiment but evaluated at the four 
regular intervals given above for two minutes duration only: Eyeblinks by means of 
amplified potentials recorded from one eye by means of AgCl-electrodes, rate of 
respiration by means of thermistor-elements attached to the nose, and heart-rate by 
means of photo-electric couplers attached to one ear-lobe. 

In addition to these objective measures an annoyance-questionnaire was given four 
times during the experiment, which consisted of 39 five-point statements covering 
descriptive (e.g. "The air is clean"); symptom-related (e.g. “My eyes are burning"), and 
emotionaKreactive items ("I feel relaxed"). Response-categories ranged from "Don’t 
agree at all" to "Fully agree", or from "Not at all" to "very strong". Part of the items were 
specific to each of the three conditions (ETS, noise, odor), whereas others covered all 
three of them. This was particularly true for the emotional-reactive items, as well as for an 
eleven-point annoyance thermometer with response-categories ranging from 0 (not at all 
disturbing) to 10 (unbearably disturbing). 

Subjects: 72 nonsmokers of both sexes participated. 55% of themwere females, and 
the mean age was 44.6 years with extremes ranging from 18 to 74 years. Four Ss with 
initial COHb exceeding 5 % were treated as suspected smokers and excluded from further 
analyses, thus leaving 68 Ss for final statistical evaluation. Assignment of Ss to control (N 
* 23), medium (N = 23), and high (N = 22) intensities of exposure was random. 
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Statistical Procedures 

Both descriptive and' inferential statistics were applied. Questionnaire-data were 
tentatively treated as being of interval-quality. Analysis of variance (mixed model) was 
used for the testing of main- and interaction-effects (Winer 1962). Significance-levels of 
5% and lower were taken to separate significant from non-significant effects. 


Results 

Objective Information 

CO-uptake during ETS-exposure, as given by COHb-levels, did exhibit the expected 
alterations (Table 1). Whereas there was a slight, insignificant decrease of COHb for 
control-Ss during an experimental session on the average, ETS-inducedi dose-dependent 
increase occurred during exposure (F = 17.3; p < 0.0001). The values given in the table 
correspond roughly to those of the pilot-study for comparable exposures (Winneke et al. 
1984), but are well below limits of biological significance (Winneke 1978). 

Cardio-respiratory variables, namely blood-pressure, heart rate and rate of respir- 
ation^ did not exhibit significant ETS-induced changes (Table 2). There is, however, a 
tendency for respiration to become slower during exposure at the highest ETS-level. 
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Tablet. ETS-related COHb%. Means, standard deviations (SD) and ranges are given 


Groups 

Before exposure 

After exposure 



* 

(SD) 

range 

X 

(SD) 

range 

N* 

Control 

0.71 

(0-23): 

0.58-0:84 

0.68 

(0j 19) 

0.58-0.79 

14 

ETS 5 ppm 

0.75 

(0.21) 

0.66-0.84 

0.87 

(0.19) 

0.79-0.96 

23 

ETS 10 ppm 

0.84 

(0j23) 

0.74-0.94 

1.03 

(0.22) 

0.93-1.13 

22 


* COHb-analysis of blood taken after the experiment was done in only part of randomly selected 
control-Ss. 


Table!. Cardio-respiratory variables. Means (X) and standard deviations (SD) are given. 0^5 and 
10 correspond to levels of ETS-exposure in terms of CO 


CO 0' 15' 35' 55' 




X 

SD 

X 

SD 

X 

SD 

X 

SD 

Heart- 

0 

78.9 

( 8.3) 

79.4 

( 8.5) 

79.0 . 

( 8-3) 

78.5 

( 9.0) 

rate 

5 

78.1 

( 8.8) 

78.8 

( 9 3) 

77.2 

( *.6) 

76.9 

( 7.8) 


10 

78.0i 

(30;4) 

78.3 

(10.2) 

76.8 

(10.3) 

77.8 

(110) 

Rate of 

0 

187 

( 2:7) 

18.2 

( 2.7), 

18.6 

(2.9) 

18.1 

( 3.3) 

respirat. 

5 

17:0 

( 3.4) 

17.6 

( 2.8) 

17.1 

( 2.9) 

17:4 

( 2.5), 


10 

17:7 

( 3.7), 

17.0 

( 3.9) 

16.5 

( 3.9) 

15.6 

( 3.6) 

Blood- 

0 

117.1: 

(M.6) 

114.0 

(13,8) 

113.2 

(15.6) 

115.2 

(19.7) 

pressure 

5 

130.9 

(20.3) 

128:7 

(20.1) 

129.2 

(21l6) 

128.1 

(20.3) 

(systol.) 

10 

118 4 

(21.4) 

119.5 

(24 4) 

120.8 

(28.1), 

119.2 

(25.9) 

Blood- 

0 

116.9 

(18.2) 

11 if 9 

(16.7) 

111.4 

(20.1) 

114.1 

06.9) 

pressure 

5 

133.1 

(20.6) 

127.9 

(18.6) 

131.3 

(18.6) 

127.2 

(21iB) 

(diast.) 

10 

121.6 

(24.3) 

118.2 

(26.9) 

116.9 

(27.8) 

117:9 

(27-2) 


The number of eyeblinks/minute increased during a one hour experimental session 
both under control- and exposure-conditions (Fig. 1). Comparatively, however, the rate 
of increase was faster at the high level of ETS-exposure than at control-level. The overall 
group- differences are not significant (F = 1.92; p = 0.16), although, as can be seen from 
the confidence-limits, the last three sampling-points of the 10 ppm-condilion are 
significantly (p <0.05) elevated. The slight elevation of the 5 ppm-curve is not significant 
for this sample size. 


Subjective Information 

Descriptive statements (e.g. “The air is clean") exhibited strong ETS-related change; 
typical examples are given in Fig. 2. These effects were, of course, highly significant (p < 
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Flg.l. Resulu from questionnaire-items describing the experimental situation for different levels 
of ETS-exposure. Means and confidence-limits (CL-95) are given 


gftothmq disturbed 


W m * 



ACS 

*•**'» - 1. 

*r» 7 

L 

.--1' 

- ' +-“■ 

•r*» h . 

■ •**** * 

/*] 

[J 


«<MM , 

/H 

, T i J 

1 

I J 

' I 

! I'm* 


i utfr Tj 

l 


0 

X 

0 1 

r 

5 3 

6 SM 


if% burning 



Sort throot Nose itchmg 




Fig. 2. ResulU from questionnaire-items Telated to perceived symptoms dunng different levels of 
ETS-exposure. Means and CE-95 are given 
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Table 4. Emotional-reactive questionnaire-items. F- and p-values characterize the outcome of 
analysis of variance 



Main effect 

Interaction 

F 

P 

F 

P 

Uncomfortable 

9:26 

0.000 

7.50 

0.000 

Angry 

3,93 

0.024 

3.42 

0.003 

Nervous 

2.19 

0.120 

1.80 

0 100 

Cheerful 

2:19 

0.120 

0.64 

0.695 

Relaxed 

1.19 

0.312 

0.62 

0.713 

Merry 

1.10 

0.339 

2.21 

0.044 

Concerned 

0.87 

0.424 

1.07 

0:382 
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Fig. 4. Degree of annoyance during exposure to three levels each of ETS, traffic noise and 
hydrogen sulfide-odor. Means and CL-95 are given 
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un tolerably 
disturbing 


♦ 

not at all 
disturbing 



Fig. 5. Degree of annoyance during ETS-exposure for groups of Ss preclassified in terms of either 
high (upper curves)or low (lower curves) annoyance to environmental noise or odors, respectively. 
Means and CL-95 art given 


Four out of eight items exhibit significant main effects (intensity), whereas for all of them 
significant interactions (intensity of exposure X time) were found as well. This means that 
the time-course is different for control- and exposure-conditions, respectively. 

Only two out of seven emotional^reactive statements, namely those expressing 
feelings of discomfort (F = 9.26; p = 0.000) and of anger(F — 3.93; p = 0.02) did show 
significant main effects associated with levels of ETS-exposure, whereas additional lime 
X exposure-interactions occurred for feelings of discomfort, anger and cheerfulness 
(Table 4). 

For the purpose of comparing the annoying effects of ETS-exposure to that induced 
by either traffic noise- or odor-exposure data were taken from the elfcven point 
annoyance-scale (see above). The results from that comparison art given in Fig. 4. These 
curves clearly show that for each of the three conditions highly significant (p < 0 j 001); 
exposure-related effects occurred which, except for the odor-condition k did exhibit 
pronounced dose-response-characteristics. It is interesting to note, furthermore, that the 
degree of annoyance produced by the two ETS-levels is roughly equivalent to continuous 
sound pressure-levels of 65 and 75 dB(A), respectively, whereas the degree of odor- 
annoyance induced by hydrogen sulfide is comparatively reduced. This, most likely, can 
be ascribed to olfactory fatigue or adaptation. 

In order to ascertain if Ss, preclassified as either highly or weakly annoyed by either 
environmental noise or industrial odors in their respective neighbourhoods, these 
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extreme groups were compared for degree of annoyance across exposure-levels for the 
three experimental conditions. S$ preclassified as highly annoyed scored higher in terms 
of annoyance during ETS-exposure than did Ss preclassified as weakly annoyed (Fig. 5). 
This group-difference is statistically significant for ETS (F 88 2.80; p < 0.05), but only 
borderline (p < 0.12) for either experimental noise- or odor-exposure. Perceived 
intensities at the different levels of exposure did not exhibit any group-differences, 
whatsoever (0.95 > p < 0.55). 


Discussion 

Carbon monoxide (CO) was used here and in our previous study (Winneke et al 1984) to 
characterize the degree of ETS-exposure. Both because of its lack of specificity as well as 
its inconsistent temporo-spatial associations with other ETS-components CO cannot be 
considered a truely representative marker of ETS under reaMife-conditions (Ball et al. 
19871 particularly if, in addition to cigarettes,pipes and cigars contribute to ETS (Klus et 
al. 1987): No general agreement has, therefore, been reached so far as to which' 
components or component-combinations could be used in order to characterize ETS- 
exposure in natural settings. 

CO, on the other hand, has been shown to display consistent association with 
| suspended particulates (TSP), both in decay-situations as well as in experimental steady- 

state- or dynamic conditions, in which both the number of cigarettes as well as the rate of 
| air-exchange were varied (Leaderer et al. 1984). In addition correlation between CO- 

levels on the one hand and number of cigarettes as well as several gas-phase components 
of ETS, such as NO, aldehydes, acrolein, HCN or formaldehyde, have been reported 
both for extreme (Hugod et al. 1978) as well as for more moderated degrees of 
j experimental ETS-exposure (Weber et al. 1976). 

In the light of this evidence, aDd in order to be able to compare the outcome of our 

• experiment with that of similar studies (Hugod et al. 1978; Muramatsu et at. 1983; Weber 
etal. 1976,1979,1981;Winneke etal 1984) in a quantitative manner, the measurement of 
CO to characterize degrees of ETS-exposure in our experimental setting can be 
considered a reasonable compromise between describing the true complexity of ETS- 
exposure on the one hand and relying simply on the number of cigarettes smoked per unit 
time and volume on the other. 

I In taking CO as the basis for comparison our cardiovascular findings are consistent 

! | with those of others (Weber et ah 1976; Harke and Bleichert 1972), who, at even higher 

levels of ETS-exposure did not observe exposure-related increase of either heart-rate or 
j blood-pressure. Nicotine-in take at such ETS-levels is likely to be too low for cardio- 

l vascular changes to be expected. 

t As for cyeblinks our data are somewhat at variance with those of Muramatsu etal 

* (1983), who describe significant elevation at ETS-levels below 3 ppm dCO, whereas 

I both in our previous (Winneke et all 1984) and in the present study no significant 

l increase was observed at ETS-levels corresponding to 5 ppm dCO. It is still uncertain 

5 as to whether methodological differences can explain these different outcomes. 

» Whereas Muramatsu et al (1983) relied on intraindividual comparisons based on 

actual counting of videotaped blinks by observers at predetermined intervals during 
1 | exposure, our findings are based on interindividual comparisons of a smaller number 

of Ss by means of continuous electrophysiological recordings of spontaneous blinking. 
Although the latter technique would generally be considered as having a higher 
’ ecological validity, final analysis of the full set of data will be needed to clarify, if 
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significant elevation of eyeblinks can in fact be expected to occur at ETS-levels at or 
even below 5 ppm dCO. 

The most clearcut findings of the present study are those related to questionnaire- 
based annoyance. Descriptive and, to a lesser extent, symptom-related complaints 
display dose-related increase with some effects already significant at the lowest ETS- 
level. This was not true in our previous study. Part of this differential outcome is most 
likely due to the fect thatin the present study control-conditions were improved by forced 
air-exchange. From these still preliminary findings the tentative conclusion is drawn for a 
non-adverse-effect-level (NOEL) for acute psychophysiological effects of ETS to be 
located near the 5 ppm-level in terms of dCO. 

The present study is the first to compare ETS-induced annoyance - reactions to those 
associated with either noise- or malodor-exposure. The data presented here strongly 
suggest that such a comparative approach is feasible, and that ETS-exposure correspond¬ 
ing to dCO-levels of 5 and 10 ppm are equivalent to traffic-noise at sound pressure- 
levels of 65 and 75 dB(A), respectively. Comparison with odor-annoyance is less 
convincing because adaptation strongly attenuates perceived odor-intensity for hydro¬ 
gen sulfide. 

Another interesting finding of the present study relates to the observation that 
preclassification of nonsmoking Ss for environmental annoyance is related to the degree 
of annoyance under experimental exposure-conditions as well: Ss preclassified as being 
either strongly or weakly annoyed by environmental odoT- or noise-exposure in their 
respective neighbourhoods, do exhibit strong or weak degrees of annoyance under 
conditions of ETS-exposure as well. From this the tentative conclusion is drawn for 
annoyance-responses to be more generalized reaction-tendencies rather than responses 
elicited by specific environmental conditions. 
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SICK BUILDING SYNDROME: CAUSES AND EFFECTS 


Sick Building Syndrome can be broken down into three 
sub-categories - Tight Building Syndrome, Humidifier 
Fever and Legionnaire Disease. 

I will spend most of my time this morning on Tight 
Building Syndrome. 

What is a Tight Building? The definition is arbitrary, 
practical, and loose. 

There are buildings which meet these criteria in 
which one can see through gaps between walls and window 
frames. Paradoxically r some buildings with tight building 
envelopes - energy efficient residences, for example 
- do not meet the criteria, since the occupants are able 
to control the ventilation system. 

The health effects that make up Tight Building Syndrome: 

Few researchers would disagree with this list. However 
there may be some debate as to whether these are health 
effects or comfort factors. Is eye irritation an illness? 

Is headache that clears up on leaving the building an 
illness? Is fatigue an illness? One can argue either 
case. The point is not entirely academic, since in real 
life employees are generally asked to contact health 
service staff about health problems, and building mainte¬ 
nance staff about comfort problems ... 


_ n 
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You will also note that most of the listed symptoms 
ere rather vague and subjective, and therefore very diffi¬ 
cult to measure in a consistent way. Vague and subjective 
the symptoms may be, yet the syndrome is striking and 
convincing, and a time-consuming problem to those of 
us who have responsibilities in the fields of occupational 
and environmental health. You will also note that a 
number of these symptoms are attributable to tobacco 
smoke, a near universal contaminant of office buildings. 
Until the last few years, tobacco smoke has been looked 
upon as a normal inoccuous component of indoor air. 

I will return to tobacco smoke, and some other contaminants, 
shortly. 

Many organizations in many countries have investigated 
Tight Building Syndrome. The problem was .first described 
in Scandinavia in the early nineteen seventies. By 1975, 
it was being frequently described in North America. 

An American agency that has conducted large numbers 
of fairly detailed investigations is NIOSH (the National 
Institute of Occupational Safety and Health). Health 
and Welfare Canada experience is similar to that of NIOSH. 

The causes of Tight Building Syndrome 

Tirst , let me mention a non-cause: lack of oxygen. 

I can say with confidence that the oxygen level in this 
building and in virtually every office building in Canada 


... n 
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today is 21%. My organization no longer measures oxygen 
levels when investigating office buildings with air quality 
problems. 

Pollutants 

Let me review some of the pollutants that may be 
contributory; and let me say in advance that in practice 
the search for pollutants is usually - not always - 
unrewarding. With one notable exception: tobacco smoke. 
Most investigators and researchers will agree that this 
is the most important single pollutant in the air of 
office buildings. 

Carbon monoxide 

Major indoor sources (unvented gas stoves, heaters, 
etc.) are not usually a problem in office buildings. 

Motor vehicle emissions can sometimes enter a building 
- from an attached parking garage, for example. 

CO generated by cigarettes would not usually result 
in indoor levels exceeding industrial standards, although 
this can occur in small meeting rooms containing numerous 
smokers. 

Formaldehyde 

Measured levels in office buildings infrequently 
exceed the Canadian residential standard of 0.1 ppm. 
Formaldehyde is a common component of several types of 


. .. /A 
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condensation-type synthetic resins (e.g. phenol formaldehyde, 
melamine-formaldehyde, urea formaldehyde.) Urea formaldehyde 
resin is used in plywood (adhesive) and particle board 
(binder). Coated paper, floor coverings and fabrics 
can contains formaldehyde. 


Carbon dioxide 

Product of combustion and human metabolism. Outdoor 
levels typically 320 ppm. Office levels typically 600 ppm, 
depending on quality of ventilation and density of occupants. 
CO 2 is measured as a proxy of the quality of ventilation. 


Ozone 

A power oxidizer, and reactive pollutant. The dominant 
source is the outdoor air, formed by photochemical reaction. 
Indoor sources are unusual e.g. electrostatic air cleaners, 
electric motors, photocopiers. 


Ventilation factors as a cause of Tight Building Syndrome 
From a previous slide (Slide 5), you will remember 
that in the experience of N10SH, in about 50% of the 
buildings investigated, the problems were attributed 
to faulty ventilation, temperature, and humidity, bet 
us look at some standards for temperature and humidity: 

These standards may be met for a floor of a building, 
yet there may still be local problems, created for example 
by room dividers which restrict airflow. 

Temperature and humidity problems are relatively 
common• 


TABLE 10. 
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Psychological factors 

These can be very important. 

The occupant is aware that he is the best sensor 
in a building - better able to integrate environmental 
information than thermometers or hygrometers or airflow 
meters. Yet he does not have the control over the ventilation 
system that these instruments may have. The only method 
left open to him is to express his dissatisfaction to 
the people who have access to the controls. If these 
complaints do not produce improvement, the occupant feels 
out of control, and can become increasingly irritated 
by these conditions and increasingly sensitive to them. 

We must also bear in mind that ventilation systems are 
increasingly complex, and that in a large building only 
the designer may fully understand them. In other words, 
maintenance staff may not be in full control of the system. 


HUMIDIFIER FEVER 

Humidifier fever is an allergic illness. The picture 
is that of a mild flu* like illness - chills, fever, 
breathlessness, typically on Mondays on returning to 
work. 

Humidifer fever is a type of extrinsic allergic 
alveolitis - comparable to farmers lung. 

The cause: microorganisms in the humidifying system TABLE 11. 
- bacteria, fungi, protozoa and thermophilic actinomycetes. 

... /6 
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LEGIONNAIRES DISEASE 

You may remember the episode of 1976, at the Bellevue 
Stratford Hotel in Philadelphia. There were 162 cases 
of pneumonia-like illness, including 29 deaths, in partici¬ 
pants at the annual convention of the American Legion. 

The diagnosis was elusive. Sabotage, nickel carbonyl 
poisoning, swine flu, were all suspected, then rejected. 
Eighteen months later the Centres for Disease Control 
in the USA isolated and identified Legionella pneumophilia 
(a bacterium). (The final solution at the Bellevue Stratford 
hotel was truly final: the hotel was demolished.) 


Spread of Legionella in humans : by aerosol from contaminated 
water systems (e.g. shower heads). Person to person 
spread has not been described. 


How frequent is Legionnaires Disease? 

In the USA, in the first four months of 1966, 190 
cases were notified. This compares with 102 cases of 
typhoid, or 982 cases of measles during the same time 
period. 

Other aspects of Legionella are disturbing: 
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LUNG CANCER 


This disease is important enough to merit discussion 
in the context of building associated illness. 

When I reviewed some building pollutants. I included TABLE 14. 
radon, asbestos, and secondary cigarette smoke. These 
agents are all human carcinogens, and can cause lung 
cancer as well as some other cancers. 

Radon is generally present in much lower levels 
in office buildings than in residences. Therefore I 
will not consider it further. 

Asbestos is often encountered in building materials, 
and 1 would be surprised if this building was an exception. 

1 would also predict that if we were to attempt to measure 
asbestos in the air of this room it would not be in present 
in detectable quantities. Asbestos does not present 
a significant health problem in buildings unless it is 

damaged, allowing fibres to enter the air. * 

£ . 

With regard to secondary tobacco smoke # the evidence 
from a number of epidemiological studies has been steadily 
accumulating since 1979. The weight of scientific evidence 
strongly suggests that secondary tobacco smoke in the 
workplace is responsible for a significant number of t 

lung cancers - somewhere between 300 and S00 lung cancer 
deaths per year in Canada. ^ 7. 

In conclusion, let me summarize the causes and effects TABLE 15. 
of Sick Building Syndrome: 
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1. Tight Building Syndrome 

2. Humidifier Fever 

Can influenza - like illness) 

3. Legionnaires Disease 
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DEFINITION OF T16HT BUILP1B6 


Large Building 

Forced Ventilation 

Occupants Cannot Open Windows 
or Control Own Ventilation 

Usually Mew or Newly Renovated 
Building 
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Eve Irritation 

Headache 

Odor 

Skin Irritation/Rash 
Sinus Congestion 
Cough 

Sore Throat 

Shortness of Breath 

Arnornal Taste 

Dizziness 

Fatigue 

Nausea 

NhEEZING AND NYfERSENSITIVITT 


\ 
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PRESUBED SOURCE OF THE PROBLEB U 203 1HVEST1MT10ES BY B10SH 


Rumder S 

Poor Ventilation, Tmernal Comfort, or Humidity 107 S3 

Contaminants from Inside the Building 42 21 

(Copiers, Tobacco Smoke, etc.) 


Contaminants from Outside the Building 
(Rotor Vehicle Exhaust, etc.) 

Building Fabric Contamination 
(finreglass, formaldehyde, clues, etc.) 

Biolosical Contamination 

Miscellaneous or Undetermined 


21 10 

7 3 

7 3 

19 10 

203 
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INDOOR AIR QUALITY INVEST 1 SAT 1ONS 
BED 1 CAL SERVICES BRANCH 
1984 


Problem Type Found Building Investigations 

Number X 

1. Inadequate Ventilation 64 68 

- BOOR AIR CIRCULATION 

- INADEQUATE OUTDOOR AIR 

(C 02 > 800 ppm) 

- POOR TEMPERATURE/ 

HUMIDITY CONTROL 

2. Outdoor Contaminant 9 10 

- REENTRY OF BUILDING EXHAUST 

- MOTOR VEHICLE EXHAUST 

3. Indoor Contaminant 5 5 

- COPY MACHINES 

- TOBACCO SMOKE 


4 . Building Fabric 2 2 

- BLUES AND ADHESIVES 

- FORMALDEHYDE AND ORGANICS 


5. 

Biological Contaminants 

0 

0 

6. 

No PROBLEM IDENTIFIED 

1A 

11 


TOTAL: 

94 

100 
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CAUSES OF IliHl BU1LPIW6 SYWDROHE 


1. Pollutants 


2. Ventilation Factors: 

- Temperature 

- Humidity 

- Airflow 


3. Psycholoci cal Factors 
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DOLLOTARTS 


CARBON MONOXIDE 

Typical office levels: 0.5 - 5 ppm 

Industrial standard: 55 - 50 pph 

Ahbient air standard: 9 PPH 

Forhalpehvpe 

OFFI rare in federal office buildings 
Rore important sources: 

Carpet backing, fabrics, insulation, 

SHALL AMOUNTS FROH TOBACCO SHOKE 

Typical office levels: less than 

Residential standard (Canada): 0.1 pph 
Industrial standard: 1 pph 

Papp . w 

Rot a probleh in office buildings 
Does not give rise to acute bvhptohs 

ft? BE? T.S.S 

Rot usually a probleh unless dahaged or disturbed 
Does not give rise to acute symptoms 


particle board; 

0.1 PPM 
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Carbon dioxide 
Typical outdoor levels: 
Typical indoor levels: 
Industrial standard: 


about 330 PPH 
about 600 - 1000 PPM 
5000 ppm 


foowf 

Typical outdoor level: 
Typical indoor level: 
Industrial standard: 


0-80 ppb 
0-20 ppb 
100 PPB 


Viable orsawisms (bacteria, funsal spores, amoebae, protozoa, 

nematodes) 


do STANDARDS 


£ PQR? 

Standard: acceptability to panel of observers. 

JIesative ions 

do ACCEPTABLE SCIENTIFIC EVIDENCE TO SU6SEST THAT THEY 
AFFECT COMFORT OR HEALTH. 

Photochemical smos 
An ingenious hypothesis 
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HOST FREQUEWT OFFEMDOS 


Tobacco broke 


Carbon monoxide 


Formaldehyde 


Odors 


Viable orbanisrs? 
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PUBLIC WORKS mm STARDARPS 


Acceptable Indoor Temperature Range 19°C - 26°C 


Acceptable Humidity Range 


20Z - BOX 


I 
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t BPgB.EC CITY HOSPITAL. 1983 


12 cases of Legionnaires disease occurred 

IN HOSPITAL (NOSOCOMIAL INFECTION) 


Vater samples from 38 faucets (in rooms): 
30Z positive for Lecjorella 


Not hater tanks: 

1 OUT OF 2 POSITIVE 


M 
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QUEBEC CITY, 1983 


5* DOMESTIC MATER HEATERS MERE EXAMINED 


Electric mater meaters: 11 out of 37 rositive for Lecionella 


Oil or cas mater heaters: 0 out of 17 rositive for Lesionella 
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LU46 CMCER 


Asbestos 


Secondary tobacco smoke 
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SICK BUILDlWe SYBDROHE; SDWHARY 


ifrj.CT.S 

Sick building syndrome encompasses: Tight Building Syndrome 

Humidifier Fever 
Legionnaires Disease 


Causes 

Pollutants - chemical (including some carcinogens) 

- BIOLOGICAL AGENTS 

Ventilation, temperature, humidity problems 
Psychological factors 
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Indoor air quality — the NIOSH experience 


JAMES MELIUS, M.D.. KENNETH WALLINGrORD. MS., RICHARD KEENLYS1DE, MD. , and JAMES CARPENTER 
national Institute for Occupational Safety and Health 


Introduction 

Health complaints associated with poor indoor 
air quality have been reported with increasing 
frequency among office workers over the past 10 
years, A number of factors have contributed to this 
trend, including changes in building design to 
Increase energy efficiency', introduction of new 
building materials, and: increased awareness 
among workers of potentially toxic exposures in 
their work and home environments. While some 
exposures in the indoor environment may have 
serious implications for the health of the occu¬ 
pants (e.g., radon daughters, asbestos, formal¬ 
dehyde, pathogenic microorganisms, allergens), 
the health risks of most indoor air exposures are 
poorly understood, nevertheless, office workers 
who are concerned about a possible problem in 
their work environment often demand a thorough 
investigation of the environment and of its poten¬ 
tial for health risks, for the investigator, this is 
commonly a challenging but frustrating experi¬ 
ence because of the lack of guidelines and evalu¬ 
ation criteria for the “non-industrial" setting. 

The health complaints reported by the occu¬ 
pants of the typical “problem building" are usually 
diverse and non-specific, and rarely point to an 
obvious cause. Also, the nature of the problem 
maybe obscured by reports of a variety of serious, 
but unrelated, medical conditions associated with 
the office environment 

Appropriate environmental sampling is often 
quite difficult because of the presence oflow levels 
of many ubiquitous substances. Specific contam¬ 
inants from sources in the office can be readily 
measured and quantitated (e.g., ozone from copy¬ 
ing machines), but more often very low levels of a 
variety of chemicals are detected. Such sampling 
results may in one sense be reassuring, but they 
have limited usefulness when linked with non¬ 
specific sym ptoms. These investigations are often 
complicated by extensive media coverage, multi¬ 
ple earlier Investigations by other groups, and 
deteriorating labor relations. The ”Federal expert" 
often comes into the picture when, despite much 


basic work having been done, the situation has 
reached a “crisis." 

This paper will briefly present and review the 
indoor air quality investigations conducted by the 
national Institute for Occupational Safety and 
Health (PilOSH) since the start of the Health 
Hazard Evaluation Program. These investigations 
are being presented not as THE WAY" to evaluate 
such problems, but. rather, to review our experi¬ 
ence and share our insights as we have evolved 
our approach to these investigations. 

Indoor aLr quality health hazard 
evaluations 

Through December 1983, MIOSH has completed 
203 Health Hazard Evaluations involving indoor 
air quality (1AQ) in a variety of settings (Table I). 
(This does not include our investigations of as¬ 
bestos-related problems in office buildings.) Prior 
to 1978. only six LAQ evaluations were performed- 
however, since then, the number has increased 
dramatically. It appears that in the last 2 years, the 
number of these completed investigations has 
leveled off, but this change may reflect our handling: 
of many IAQ inquiries by providing written: ma¬ 
terials and phone consultation* and by the in¬ 
creased capability of state and local health de- 


TABLE 1 

Completed NIOSH Indoor Air 
Quality Investigation* by Year 


Year 

Number 

Completed 

% 

Pre-1970 

6 

3.0 

1970 

9 

4 4 

1979 

12 

3.9 

1900 

20 

13 0 

190] 

00 

39 4 

1902 

44 

21 7 

1°03 

24 

11 0 

Total 

203 
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partments and other groups to handle these 
evaluations without our assistance. 

Most of our evaluations have involved govern¬ 
ment and private offices (over 75% (seeTable II)), 
educational Institutions (14.8%), and health care 
facilities (9.3%). Qiven our mandate to evaluate 
occupational health problems, it is not surprising 
that NIOSH has not investigated very many resi¬ 
dential IAQ problems. Thus, we do not have much 
experience in evaluating problems which are prin¬ 
cipally encountered in residential buildings such 
as exposures to radon daughters or to combustion 
products. 

In reviewing the reports on these evaluations, 
we have attempted to classify our findings by the 
type of problem found (Table III). It Is of note that 
nearly half of these investigations have attributed 
the IAQ problems to inadequate ventilation. Some 
form of environmental contamination was thought 
to be the source of the problem in approximately 
30%. The source of this contamination was thought 
to be from Inside the building In 17.7% of the 
Investigations, outside the building in 10.3%, and 
from the building structure in 3.4%. Problems 
such as hypersensitivity pneumonitis, cigarette 
smoking, humidity, etc., have accounted for ap¬ 
proximately 10% of our evaluations, finally, in 
another 10%, the etiology of the IAQ problem has 
remained unexplained. 

In reviewing these results, several factors should 
be considered, first over time, NIOSH has not used 
a standard protocol for conducting these evalu¬ 
ations. Our methods and criteria have changed as 
we became more familiar with the problem and 
developed new approaches. Also, some of these 
Investigations were conducted several years ago, 
leaving only scanty data and a brief report for 
current review. In the early studies, many of the 
"unknown*' problems may have actually been due 


TABLE 11 


Completed NIOSH Indoor Quality 
Investigation* by Building Type 
(through December 1983) 


Type 

Number 

% 

Government and business officer 

154 

75.9 

School* and colleges 

50 

14 0 

Health care facilities 


9.5 

Total: 

205 



TABLE III 

Completed NIOSH Indoor Air Quality 
Investigations by Type of Problem 
_(through December 1983)_ 


Problem 

Number 

Total 

Contamination (inside) 

36 

17.7 

Contamination (outside) 

21 

10.3 

Contamination (building fabric) 

7 

34 

Inadequate ventilation 

98 

40 3 

Hypersensitivity pneumonitis 

6 

3.0 

Cigarette smoking 

4 

20 

Humidity 

9 

4 4 

Noise/illumination 

2 

1.0 

Scabies 

1 

0.5 

Uhknown 

19 

9 4 

Total: 

203 



to Inadequate ventilation, but the reports did not 
provide enough Information to determine this. 
Thus, there maybe considerable misclasslfication 
in this list 

This listing is also not necessarily representative 
of the general distribution of indoor air quality 
problems in offices. Often, NIOSH is requested to 
conduct an evaluation only after initial attempts tfi 
identify the problem have failed, or complaints 
have persisted after initial corrections have been 
made. Large public-sector agencies use NIOSH as 
a resource, but managers of smaller offices or 
office buildings may be unaware of our program. 
Therefore, these facilities may be underrepre¬ 
sented on our list Despite these shortcomings, 
the list does provide an overview of the types of 
indoor air quality problems encountered in office 
environments. A brief review of the major types of 
IAQ problems follows. 

Contami nation from inside the office 
environment 

This classification (approximately 18%) refers to 
exposure to a chemical or other toxic agent 
generated within the office space. Usually the 
symptoms experienced by the office worker are 
directly linked to the exposure, but If the exposure 
Is disseminated through the buliding's ventilation 
system, localization of the source may be difficult 
Examples from Health Hazard Evaluations Include 
exposures to methyl alcohol from spirit dupli¬ 
cators, 0 ’ exposures to methacrylate from copiers,’ 2 ' 
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and exposures to sulfur dioxide from a heating 
system/ 3 ' Occasionally, a very specific health effect 
can aid in the investigation, such as the occur¬ 
rence of dermatitis from amines used in humidifi¬ 
cation systems/ 4 The use of pest control agents, 
such as chlordane, may also cause persistent 
problems in office environments/ 6 r 

These problems can usually be Identified by 
inspecting the affected office area (e.g., copying 
machines) and by questioning about other uses of 
chemicals in the building <e.g., pesticides, humid¬ 
ification agents )j Environmental and medical test¬ 
ing appropriate for that chemical can then be 
conducted. 

Contamination from outside the building 

This classification (approximately 10%) refers 
to exposure to a chemical or other toxic substance 
originating from a source outside the building. 
Common examples include motor vehicle exhaust 
either from a parking garage or loading dock 
entering the building through the Intake from the 
ventilation system/ 80 ' Many of these exposures are 
“presumed' explanations that cannot be docu¬ 
mented at the time of the investigation. Although 
the dispersal of substances through the ventilation 
system may seem obvious, the complexity of the 
system may require the use of more sophisticated 
techniques such as a tracer gas to document the 
problem/ 8 ' Other outside sources include nearby 
construction activity which may generate sufficient 
exhaust fumes, dust or other contaminants to 
cause complaints in nearby offices/ 10 ' 

A few years ago, MIOSM evaluated a dramatic 
case of outside contamination of an office build* 
Ing when we discovered a G-million-gallon under¬ 
ground gasoline spill while investigatingIrritative 
symptoms among the office occupants/ ll) While 
this may be viewed as unusual, there Is concern 
about the increasing number of underground 
gasoline tank leaks. 

Contamination from the building fabric 

Contamination from the building fabric (ap¬ 
proximately 3% of our evaluations) refers to prob¬ 
lems from the material used to construct the 
building. While not included In our list of evalu¬ 
ations, asbestos Is obviously a major source of 
concern about indoor air quality. Other Insulating 
materials are a common source of these problems 
because of the release of substances such as 
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formaldehyde/ 12 ' Dermatitis due to fibrous glass 
has also been a common problem, usually after 
the fibrous glass insulation has been disturbed 
during some construction activity/ 13 ' 

W^persensitiuitif pneumonitis 

This group (approximately 3% of our evalua* 
tions) refers to problems due to a hypersensitivity 
reaction to microorganisms in the building en¬ 
vironment Although not a common cause of office 
problems, the potential medical severity of this 
condition and the difficulties in controlling this 
problem make it an important cause of office 
problems. MlOStt's evaluations regarding this 
problem will be discussed later In this volume. 

Inadequate ventilation 

By far the largest classification, this group makes 
up approximately one-half of our completed eval¬ 
uations. Our determination of inadequate ventila¬ 
tion Is commonly made after considering a num¬ 
ber of factors, including the absence of other 
sources of contamination and the presence of 
only very low levels of contaminants In our en¬ 
vironmental sampling results. These, linked to the 
widespread occurrence of nonrspecific symptoms 
such as headaches, eye Irritation, and upper 
respiratory irritation, suggest that an evaluation of 
the ventilation system may be warranted 

The evaluation of ventilation systems will be 
discussed later. Our methods range from obtain¬ 
ing specifications on the building ventilation sys¬ 
tem to detailed air flow measurements. Both 
approaches can present difficulties. Information 
on the specifications of the ventilation system Is 
often not readily available from the building op¬ 
erators. Buildings with renovated ventilation sys¬ 
tem are often very difficult to evaluate because of 
the piecemeal approach used In such renovation. 
The ASHRAE guidelines for ventilation are usually 
used for comparison/ 141 While one can question 
the basis for these guidelines, we have found them 
useful in evaluating IAQ problems and for rec¬ 
ommending corrections where there Is a problem 
because of inadequate ventilation. 

The pathogenesis of complaints or symptoms 
caused by inadequate ventilation is not dear, but 
certain extreme situations have provided us with 
some Insight into the relationship between such 
complaints and Inadequate ventilation. In 1982, 
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we conducted an evaluation at a government office 
building in Idaho with widespread complaints 
among the employees. Despite environmental 
surveys showing no significant comtaminant levels, 
the employees were moved to another building. 
Our investigators found that the air intake for the 
building had been covered with plastic one year 
earlier, to protect the air handling system from 
airborne debris from Mount St Helens, and that 
this cover had never been removed. Removal 
restored intake of adequate outdoor air to the 
building and allowed reoccupancy without signif¬ 
icant problems.' 15 ' However, In this situation, no 
environmental measurement indicated that there 
was a problem. In general, we have not found any 
environmental measurement to be useful as an 
indicator of poor ventilation. H owever, it should be 
notedithat other investigators have found carbon 
dioxide levels useful for such evaluations 0617) Low 
levels of multiple contaminants are often present 
in these situations and are currently the best 
explanation for the occurrence of symptoms. The 
pattern of contaminants probably varies from 
building to building, but we do not yet have 
adequate measurement techniques or adequate 
knowledge to easily recognize this problem 
through environmental sampling. 


Current evaluation methods 

Our current approach to evaluating office en¬ 
vironment requests usually begins with a walk¬ 
through evaluation by an industrial hygienist Prior 
to this, we try to obtain background information! 
on the history of the building design or construc¬ 
tion and try to ensure that the building engineer 
will be present during the investigation. During the 
initial visit, we obtain a history of complaints 
among office occupants by interviewing as many 
as is feasible.This is helpful not only for identifying 
the type of medical complaints, but also for ob¬ 
taining a chronology of the problem and ascer¬ 
taining the time pattern of symptoms (afternoon 
more than morning, etc.). 

Potential sources of contamination are identi¬ 
fied during the initial walk-through evaluation 
Some will be obvious (e.g., copying machines), 
while others may be identified only after careful 
questioning (e.gi, pesticide spraying). We also 
usually inspect the ventilation system for the par¬ 
ticular office area and attempt to understand its 
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connection to the system for the entire building. 
Information on the control of the ventilation 
system (outdoor air Intake relative to temperature, 
etc.) is also obtained: Some environmental samp¬ 
ling may be conducted if a source of contamination 
is found or suspected Some general air monitor¬ 
ing (e.gi, organics) may also be conducted, but this 
is usually more helpful to reassure the occupants 
that the toxic substances of concern to them are 
not present in any degree than it is for Identifica¬ 
tion of a problem. 

The problem maybe resolved during this Initial 
visit but, in some instances, more extensive en¬ 
vironmental sampling, a medical study, a ventila¬ 
tion assessment, or some combination of these 
may be required. These may be necessary either 
to better identify the source and extent of the 
problem or to alleviate the concerns of the affected 
employees. Once our investigations are complete, 
our findings and recommendations are communi¬ 
cated to the involved parties. 

Future activities in indoor air quality 

More research into office ventilation and its 
effect on background levels of contaminants is 
necessary to provide better guidelines for evalu¬ 
ating and controlling indoor air quality problems, 
because of the nature of these exposures, a variety 
of governmental agencies and private groups are 
involved in this research effort Recently, the En¬ 
vironmental Protection Agency, the Consumer 
Product Safety Commission, the Department of 
Energy, the Department of Health and Human 
Services, the Tennessee Valley Authority , and sev¬ 
eral other federal agencies formed a coordinating 
committee on indoor air quality' research. This 
committee willi help to coordinate federal gov¬ 
ernment indoor air quality- research. Already, an 
inventory of lAQ-related research in the federal 
government has been prepared. These agencies 
are also coordinating the planning of a possible 
large national survey of indoor air pollution and 
related health problems. 

While much of this effort and related research 
may seem remote to Investigating specific prob¬ 
lems In office buildings, they may provide the 
basis for better guidelines for evaluating indoor 
air quality and for necessary corrective steps. At 
the same time, improved methods of assessment 
are needed to evaluate specific types of problems. 
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HIOSH is currently developing better methods for 
assessing indoor air quality (e.g., microorganism 
levels, ventilation parameters, etc). Other groups 
are working on methods for other types of as¬ 
sessments. Meanwhile, we will continue to evaluate 
Indoor air quality problems and, hopefully, con¬ 
tinue to improve our efforts in these assessments. 
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INTRODUCTION 


The National Institute for Occupational Safety and Health (NIOSH) has compiled 
this document in response to an increasing number of requests for information 
about indoor air quality (XAQ), including "sick building syndrome." Included 
in this publication are: 

1. NIOSH Congressional testimony that describes the NIOSH IAQ 
investigations program and summarizes the results of NIOSH research and 
findings on IAQ problems; 

2. NIOSH guidance for conducting indoor air quality Investigations; 

3. NIOSH journal article on evaluating building ventilation systems; and 

4. List of non-NIOSH publications on indoor air quality. 

As the Federal agency responsible for conducting research and making 
recommendations for occupational safety and health standards, NIOSH limits its 
IAQ activities to the occupational environment. The U.S. Environmental 
Protection Agency (EPA) also conducts an IAQ program and can be contacted for 
information regarding both occupational and non-occupational settings. 

Several relevant EPA publications are included in Item 4 above and can be 
obtained from the EPA Public Information Center, 401 M Street S.W., Mail Code 
PM 211B, Washington, DC 20460, telephone 202-382-2080. 
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I am Dr. J. Donald Millar, Director of the National Institute for Occupational 
Safety and Health (NIOSH) of the Centers for Disease Control, in the Public 
Health Service of the Department of Health and Human Services. I appreciate 
this opportunity to report to you on the activities of NIOSH in the area of 
indoor air quality. 

Our experience with evaluating and understanding indoor air quality problems 
is based on the research and technical assistance that we have conducted under 
the mandates of the Occupational Safety and Health Act (OSH Act). Our 
knowledge, therefore, relates to the health effects on workers in 
nonresidential and nonindustrial workplaces, including Federal buildings, 
schools, and other public buildings, commercial buildings and portions of 
commercial vehicles occupied by workers. In addition to dealing with air 
quality, this knowledge base includes data on ergonomic and psychosocial 
problems that also affect workers. 

More specifically, most of our knowledge on indoor air quality problems has 
been generated on the "technical assistance side" of our responsibilities 
under the OSH Act. This assistance is conducted under Section 20(a)(6) of the 
OSH Act through our Health Hazard Evaluation (HHE) Program, where we respond 
to requests from employers, employees, employee representatives, State and 
local agencies and other Federal agencies. Presented below is a brief 
narrative of how the HHE Program is utilized for indoor air quality 
investigations, and what we have learned from these investigations in regard 
to the extent of the problem. Additional details are shown in Enclosure I. 

In the 1970's, following the Arab oil embargo, energy conservation programs 
were encouraged throughout the United States. The operations of buildings 
changed in an effort to conserve fossil fuels and operating costs. 

Ventilation rates were reduced and buildings were sealed to prevent 
infiltration of untempered outside air (hot, humid air in the summer months 
and cold, dry air in the winter months). At the same time, there was a 
revolution occurring in buildings throughout the country. Computers forced a 
change in office procedures and productivity leading to ergonomic and 
organizational stress problems. Some of these new office technologies brought 
with them chemical and physical hazards. 

We saw the effect of the conservation measures, as well as problems associated 
with the shifts in office automation (e.g. video display terminals, vision 
problems), and concern about asbestos and radiation, through increases in 
requests for assistance in the HHE Program. Of the 1,200 Health Hazard 
Evaluations between 1971 and 1978, NIOSH Investigated six indoor air quality 
problems or 0.5% of the total. From 1978 to 1980, the percentage of HHE's 
have averaged 12% of all health hazard evaluations. More recently, on an 
annual basis, this has Increased to approximately 20%. For example, in FY 
1988 through the present, NIOSH's toll free information number has received an 
average of approximately 60 inquiries and requests for assistance per month on 
indoor air quality problems. In 1988, In addition to providing background 
information and a copy of NIOSH's indoor air quality guidance document 
(Enclosure I) to most of these callers, NIOSH researchers conducted 45 field 
investigations. 
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Table 1 presents the number of HHE investigations by building type since the 
Program was initiated in 1971. (These totals do not Include complaints 
arising from asbestos contamination- - the number of which also is significant- - 
or complaints regarding radon.) 


TABLE 1 

N10SH Indoor Air Quality 
Investigations by Building Type 
(through December 1988) 


Building Tvoe 

Runber 

Conroletcd 

Percent 
of Total 

Government and 



Business Offices 

426 

80 

Schools and Colleges 

68 

13 

Health Care Facilities 

35 

_Z 

Total: 

529 

100 


We have not seen a decrease in indoor air problems and ve are concerned that 
as the U.S. moves more and more to a service and information economy, with 
increases in office workers, the problems will increase. 

Indoor air quality problems may arise from a variety of sources including 
human metabolic activity, smoking, structural components of the building and 
contents, biological contamination, office and mechanical equipment, and 
outside air pollutants that enter the building. Commonly, the symptoms and* 
health complaints reported by workers are diverse and not specific enough to 
readily identify the causative agent (Table 2). The workplace environment is 
implicated by the fact that these symptoms can be severe enough to result in 
missed work, reassignment, and even termination. This causes increased 
anxiety among the workers and, often times, makes the investigation of these 
problems even more difficult. 


TABLE 2 

Common Health Complaints 

Eye Irritation 
Dry Throat 
Headache 
Fatigue 

Sinus Congestion 
Skin Irritation 
Shortness of Breath 
Cough 
Dizziness 
Nausea 
Sneezing 
Nose Irritation 
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Although some of these episodes may be made up of several factors combined, we 
have classified the results found in our HHE Program by primary type of 
problem found: contamination from the building materials (4%); microbial 
contamination (5%); other contamination from inside the building (15%); 
contamination from outside the building (10%); inadequate ventilation (53%); 
and unknown (13%). 

As mentioned above, in over half of our indoor air quality investigations, 
inadequate ventilation was found to be the cause of complaints. Heating, 
ventilating, and air conditioning (HVAC) conditions that can cause indoor air 
quality problems include migration of odors or chemical hazards between 
building areas, re-entrainment of building exhaust through heat recover 
devices or improper placement of exhaust and intake stacks, buildup of 
microorganisms in HVAC system components and poor odor and environmental 
control due to insufficient "fresh" outdoor air. The insufficient use of 
"fresh" outdoor air has been compounded by reduction in ventilation airflows 
because of energy conservation. The inadequacy of building ventilation can be 
evaluated by monitoring ambient carbon dioxide (C02) concentrations, 
temperature, humidity, and airflow. However other chemical agents from 
sources other than human occupants also increase with adequate building 
ventilation. 

In 20-25% of our indoor air quality surveys, sources inside the building have 
been identified as the major generators of indoor air pollution. To date, 
common sources that have been identified include: duplicators-methyl alcohol; 
signature machines - butyl methacrylate; blueprint copiers--ammonia; acetic 
acid; pesticides; boiler additives--diethyl ethanolamine; cleaning agents; 
tobacco smoke and combustion gases; foam insulation, particle board, plywood, 
construction glues and adhesives--formaldehyde f , and organic solvents; lined 
ventilation ducts--fibrous glass; silicone caulking and curing agents, in 
these situations, we have found that low concentrations of agents need to be 
monitored since odor thresholds, comfort and unusual stimuli may be the 
significant factors rather than higher concentrations where health effects 
have been established. Also, in many instances no evaluation criteria exist 
and the investigators must compare areas where complaints are frequent with 
areas which have no complaints to search for chemical, biological, physical, 
and organizational factors which may be the cause. Given the problems with 
identifying emission sources and the need to measure at low levels, sensitive 
and specific direct-reading instruments need to be followed with highly 
specific, low level chemical analysis in the laboratory. 

To complicate the investigations concerning poor air quality, ergonomics and 
psychosocial Issues often are encountered. For example, our research teams, 
composed of behavioral scientists, physicians and industrial hygienists, have 
investigated a series of mass illness outbreaks in various work settings for 
which there was no apparent physical or chemical cause. The reported symptoms 
are typically vague and nonspecific, and frequently are described by workers 
as ill defined contaminants in the workplace (e.g., bad odors, stuffy or heavy 
air). Questionnaire surveys and interviews of both affected and unaffected 
workers suggest that the expression of the symptoms may have been exacerbated 
by a variety of ergonomic, organizational and psychosocial stresses which 
increase worker job and life-dissatisfaction. 
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Aside from NIOSH experiences discussed above, there have been considerable 
activities by other governmental and nongovernmental groups worldwide of which 
I am sure you are aware. Some major examples of these are as follows; 

1. The National Research Council's Assembly of Life Science published "Indoor 
Air Pollutants" in 1981. The report lists a number of chemicals 
implicated in indoor air pollutant problems without assessing their 
importance. The Assembly also recommended that monitoring protocols and 
special instruments be developed to asses indoor air pollutants; that 
complaints of malaise, headache, stuffiness, and eye and throat Irritation 
be studied; that the lowering of work productivity due to indoor pollution 
and associated discomfort be investigated; and that the influences of 
building design on the concentration of pollutants in commercial 
facilities be conducted. 

2. The Environmental Protection Agency (EPA) published "EPA Indoor Air 
Quality Implementation Plan" in 1987 which not only described EPA's 
research agenda at that time, but dealt with those indoor air quality 
issues that concerned other Federal agencies. The document included a 
bibliography of indoor air quality literature containing over 2,000 
entries. 

3. In 1988, the Health and Safety Executive of Great Britain issued a report 
"Sick Building Syndrome: A Review." This report summarizes their 
experiences with "sick building syndrome," and discusses symptoms, common 
features of "sick buildings" and possible causes. Their experiences 
mirror that information found by our HHE Program. 

4. A 1988 EPA publication, "Indoor Air Quality in Public Buildings" reported 
that concentrations of volatile organic compounds in new buildings were 
found to be as much as 100 times higher than those found outdoors. 

5. Volume II of the Environmental Protection Agency's Report to Congress 
prepared in 1988/89 under Title IV of the Superfund Amendments and 
Reauthorization Act of 1986 highlights an up-to-date summary of the 
"Assessment and Control of Indoor Air Pollution." This volume discusses 
such Issues as (a) factors affecting indoor air quality; (b) sources of 
pollutants and health effects; and (c) economic impacts. 

These examples support the point that indoor air quality problems associated 
with worker health are significant and require continued vigilance. 

In regard to your questions pertaining specifically to the Indoor Air Quality 
Act (S.657), the Administration has not yet taken a position on the specific 
contents of the proposed legislation. 

Thank you for the opportunity to submit this testimony to the record. 
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ENCLOSURE I 


THE NIOSH APPROACH TO CONDUCTING INDOOR AIR QUALITY 
INVESTIGATIONS IN OFFICE BUILDINGS 

National Institute for Occupation Safety and Health 


ABSTRACT 

Since 1971, personnel from the National Institute for Occupation Safety 
and Health (NIOSH) have complete over 500 indoor air quality (IAQ) 
investigations in a variety of office building environments. Most of these 
investigations have been conducted since 1979, paralleling the energy 
conservation concerns of building owners and operators. These investigations 
have been conducted under the authority of the NIOSH Health Hazard Evaluation 
Program and have been in direct response to reported health complaints or 
illness. Therefore, these IAQ Investigations are intended to establish the 
identity of a problem and to recommend solutions for its correction. Over 
time, we have developed a consistent methodology with a "solution-oriented" 
approach to conducting these IAQ investigations. To initiate the 
investigation, the NIOSH team gathers background information by telephone and 
then makes a site visit to interview the affected employees and establish 
symptom identity and prevalence. During this initial site visit, the 
investigators also attempt to identify sources of contaminants, evaluate 
comfort parameters,, and assess ventilation system performance. A variety of 
applicable evaluation criteria may be used, including "rules-of thumb" gleaned 
from the current scientific literature and our own experiences. If specific 
problems cannot be identified through these initial means, follow-up visits 
are then used to pursue a continually narrowing range of possibilities. This 
"solution-oriented" approach has resulted in the best allocation of our 
resources and has allowed the most efficient use of in-field as well as 
analytical personnel. In the IAQ investigations completed to date, problems 
were found to result from building material contaminants in 4%, 
microbiological contaminants in 5%, contaminants brought in from outside the 
building in 10%, contaminants from inside the building in 15% and Inadequate 
ventilation problems in 53%. The remaining 13% represent those investigations 
where no problem could be identified. 

INTRODUCTION 

The sometimes questionable quality of indoor air and the potential for 
health risks have become major concerns of building occupants, especially 
office workers. Some potential indoor exposures, such as to the carcinogen, 
asbestos, have well-documented health Implications. But, more commonly, the 
health risks of other indoor air exposures are poorly understood. 

Nevertheless, office workers experiencing indoor air quality (IAQ) problems 
often demand a complete evaluation of their work environment and of the effect 
it may have upon their health. 
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At the National Institute for Occupation Safety and Health (NIOSH), the 
majority of our indoor air quality investigations are conducted as part of the 
Health Hazard Evaluation Program. We conduct these health hazard evaluations 
at the request of employee groups, unions, management, and local, State and 
Federal agencies. Generally, these requests are in response to existing 
worker health complaints and illness. Because we are essentially "invited" to 
conduct these investigations, the data presented here will not reflect a 
statistically valid cross-section of the indoor air quality problem. However, 
these findings are drawn from one of the largest single information bases 
currently available on the subject. In essence, this paper will summarize the 
NIOSH methodology currently used during IAQ Investigations and some of the 
data from these IAQ investigations completed since the start of the Health 
Hazard Evaluation Program. 

KETHODOLOGY 

We have found that investigating IAQ problems can present a formidable 
challenge which, In some ways, is more difficult than evaluating Industrial 
environments. In an industrial situation, the evaluation will be directed by 
investigations of the materials used by, or in the vicinity of, the affected 
workers. These materials can usually be chemically analyzed which permits 
techniques and potential health effects using standard medical and 
epidemiologic techniques. Frequently there are exposure criteria which can be 
applied to help Interpret the data obtained. This is rarely the case with an 
indoor air quality problem. 

Indoor air quality investigations tend to become more complicated as 
time passes without identification of a cause. Frustrations result in highly 
charged emotions which only further impede continued evaluation efforts. 

These situations are further complicated by the fact that symptoms are not 
easily attributed to a single cause and the application of standard industrial 
hygiene, medical and epidemiologic techniques may prove to be Inconclusive. 

Over time, our approach in evaluating this situation has changed. We 
have developed a more consistent, solution-oriented approach that 
systematically excludes a continually narrowing range of possibilities. 
Generally, this exclusion hierarchy, which has come about based on our past 
experiences, involves evaluation of physical, chemical and microbiological 
factors, in the order presented. Each of these potential causation categories 
are discussed in more detail later in this presentation. 

Since we anticipate that IAQ requests will continue to represent a 
substantial percentage of the total health hazard evaluation requests 
(currently about 20%), three response levels have been developed. Based on 
the Information obtained during initial telephone with the requestor, the 
following responses are possible: 
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1. Provide "self-help evaluation" materials (attached). "Remain 
available for consultation by telephone. Become more involved, if 
necessary. 


2. NIOSH conducts an initial evaluation an provides recommendations to 

solve the problem or for further study on a "self-help" basis. 

3. NIOSH conducts a full scale investigation. 

The NIOSH investigation team commonly includes an industrial hygienist 
and physician/epidemiologist, but can also include other professionals such as 
an engineer. Host investigations contain the following parts: background 
assessment, initial site assessment, and, if necessary, additional site 
assessment. 

BACKGROUND ASSESSMENT 

For the background assessment, we initially obtain, by telephone, as 
much information on the building as practicable, an idea of symptoms being 
experienced, and a chronology of the problem. Much of this information can be 
collected using a standard questionnaire. We also request copies of other 
previous investigations which are relevant to the problem at hand. These data 
are then used to tailor the protocol for the initial site assessment so as to 
make it more efficient. 

INITIAL SITE ASSESSMENT 

For the initial site assessment, a common protocol includes five 
separate steps or parts: an opening conference, a walk-through evaluation, 
personal interviews, phase I of environmental monitoring, and a closing 
conference. 

Opening Conference--The opening conference is attended by 
representatives of the employer and employees (where applicable) as well as 
someone who has knowledge of the operation, and maintenance of the building"s 
heating, ventilating and air conditioning (HVAC) systems. This meeting serves 
to present NIOSH's role, discuss anticipated activities and arrange to receive 
copies of pertinent data not already received. 

Walk-through Survey--The walk-through survey will involve all or part of 
the building including inspection of the HVAC systems with special attention 
given to the mechanism by which outside air enters each HVAC unit. 
Architectural plans and ventilation test and balance reports may also be 
reviewed during this phase. Potential sources of emission are identified so 
that each may be further evaluated, as needed. 

Personal Interview--Personal Interviews are often conducted to determine 
the extent, prevalence and character of reported symptoms. The use of a 
questionnaire, such as the one shown in Appendix 1, may be the most efficient 
means of collecting this type of information. It can be used as a guide 
during personal interviews or it can be self-administered 
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Phase I Environmental Monitoring--Phase I environmental monitoring is 
usually conducted on each initial survey. The scope of this effort may vary, 
but usually will either evaluate certain aspects of the building environment, 
which we have come to believe are important factors in all investigations, or 
explore any other possibilities made apparent from the background assessment. 
Evaluation of the ventilation system using both actual measurement and/or 
carbon dioxide (C02) techniques, and monitoring temperature and relative 
humidity are useful procedures for all evaluations during the initial site 
assessment. Monitoring for formaldehyde is an example of a specific method 
which may be used if the background assessment indicates that respiratory 
system and eye irritation are prevalent complaints and the space has been 
recently built or renovated (a number of furnishings are potential sources of 
formaldehyde). Most of the monitoring accomplished on the initial survey is 
obtained using direct-reading instruments where possible because they provide 
results on-the-spot. Any deficiencies noted can be corrected and re¬ 
evaluated. Trace concentrations of hundreds of compounds could be identified 
depending on the extent of the sampling and analytical effort; however, the 
concentrations usually detected would not be expected to cause adverse health 
effects in a normal healthy individual. Other techniques which 1 will now 
discuss have been consistently more useful. 

Evaluating HVAC Systems--HVAC systems can be complicated and most 
industrial hygienists have received very little or no training in the design, 
maintenance and trouble-shooting of building ventilation systems. The most 
important aspect of evaluating HVAC systems is to gain an understanding of how 
they are supposed to be working and then use some relatively simple methods to 
convince yourself that the system is performing up to the design 
specifications, and whether this is adequate with respect to the complaint 
areas in the building, return to the complaint area(s) and measure supply and 
return air flows using either a velometer or a flow hood and compare the 
results to the design quantities. Note that in variable-air-volume (VAV) 
systems the supply air flows may vary during the day. 

A method which is gaining popularity, and which is currently used by 
NIOSH for evaluating the adequacy of ventilation to an area is the measurement 
of C02 concentrations. Humans expire significant quantities of C02. The 
higher the C02 levels inside a building, the poorer the overall ventilation, 
in a general sense. We believe that complaints will not be prevalent if 
interior C02 concentrations are maintained at twice or less the outdoor levels 
(usually 250-300 ppm). At C02 concentrations above 1000 ppm, or 3 to 4 times 
the outdoor level, complaints of headaches tiredness, eye, nose and throat 
irritation may be more prevalent. It is important to realize that it is not 
the 002 concentration that is causing the symptoms; but, if C02 increase, so 
may all the other normal airborne contaminants and it may be some combination 
of all these substances that make people uncomfortable. Carbon dioxide 
measurement scan be obtained using standard detector tubes or portable C02 
monitoring instruments. The use of C02 as an Index of the general quality of 
Indoor air is currently being evaluated by NIOSH as well as many other 
agencies. 
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Poor mixing of air is another potential problem sometimes found when air 
is delivered and returned through ceiling diffusers. Standard smoke tubes, 
and temperature and C02 measurements at 1 foot and 7 foot heights above the 
floor may be useful techniques in evaluating stratification resulting from 
poor mixing. 

Monitoring Temperature and Relative Humidity--Temperature too cold, too 
warm or fluctuating can be a source of complaints. While individuals vary in 
their limits of thermal comfortability, if a significant number of workers in 
an area complain (more than 20%), then temperature and relative humidity may 
be creating an uncomfortable environment. If temperatures are too warm, 
complaints or tiredness, lack of concentration and headache may also be 
reported. Low relative humidities, not uncommon in the winter in a building 
or residence that is not humidified, can cause eye, nose and throat 
irritation. 

CLOSING CONFERENCE 

The closing conference of the initial site survey provides an 
opportunity to present the NIOSH activities accomplished, any results obtained 
and recommendations on corrective actions if potential problems were 
identified. If no problems were Identified, recommendations may be made on 
how to continue studying the problem either on a self-help basis or through 
continued NIOSH involvement. Typical recommendations when we have not 
identified a probable explanation for the reported symptoms would include the 
formulation of a more formalized method of reporting worker symptoms on a 
daily basis and the generation of HVAC data logs to provide evidence that the 
HVAC system is performing In a consistent manner over time. 

EVALUATION CRITERIA 

Evaluation criteria used to interpret environmental measurements vary. 

In the classic industrial hygiene sense, the Occupational Safety and Health 
Administration's (OSHA) permissible limits [1], the American Conference of 
Governmental Industrial Hygienists' (ACGIH) Threshold Limit Values [2], and 
NIOSH's recommended exposure limits [3] are most commonly used in occupational 
exposure assessments. Because these criteria are based on health effects as 
they pertain to the manufacturing environment, they may not have the same 
relevance for workers in an office setting, whose primary concern may be for 
comfort or simply an absence of unusual sensory stimuli over their working 
period. The Environmental Protection Agency (EPA) has ambient air quality 
standards [4] for a variety of pollutants designed to protect the public over 
an entire day (not just an 8-hour workday). However, these, too, may not have 
relevance to an indoor office environment, especially from the perspective of 
problem-solving. 

The American Society of Heating, Refrigerating and Air Conditioning 
Engineers, Inc. (ASHRAE) guidelines for acceptable indoor air quality [5] have 
been developed for the Indoor environment. We commonly use these as criteria 
in our office building evaluations, especially for assessing the performance 
of a ventilation system. We also use the ASHRAE comfort guidelines [6] as 
criteria for assessing the thermal performance of occupied space. 
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ADDITIONAL SITE ASSESSMENTS 


If the background assessment and the initial site visit Identify a 
problem that need further definition, or if no problem can be isolated, an 
additional site assessment may be performed. During the additional site 
assessment, more specific and extensive monitoring may be conducted for 
chemical and/or microbiological contaminants of Interest. Sampling for 
airborne microbiological contaminants is also outside of what is considered a 
standard industrial hygiene technique. Useful techniques are still under 
evaluation. Methodology is available; however, analytical support is somewhat 
limited. Nevertheless, the topic of potential microbiological contamination 
usually comes up as an investigation progresses. Close visual inspection of 
the various HVAC components will usually uncover a microbiological problem if 
present. 

The condition most commonly associated with exposure to airborne 
organisms is hypersensitivity pneumonitis. This is a general term for a 
disease which occurs as a result of an immunologic inflammatory reaction to 
the inhalation of any of a variety of organic dusts. Terms like humidifier 
fever, ventilation pneumonitis, farmer's lung and cheese worker's lung are all 
the result of these exposures. Symptoms are usually described as a recurring 
"flu-like" syndrome. Diagnosis is based on a combination of characteristic 
symptoms, chest x-rays,, pulmonary function abnormalities and sometimes 
immunologic studies [7]. 

Inspection of the HVAC system and confirmation of the diagnoses of 
hypersensitivity pneumonitis among workers may be more useful than air 
sampling for airborne microorganisms until investigative techniques are 
further refined. 

DISCUSSION 

Through December 1988, 529 NIOSH indoor air quality health hazard 
evaluations have been completed (Table 1). These do not Include our 
investigations of asbestos-in-building problems, but only those where the 
building occupants were actually experiencing ill health effects. The number 
of investigations has increased markedly since 1979. This is most probably 
due to a couple of factors: increased energy conservation measures and 
Increased worker awareness of their office environment. We now average about 
two indoor air quality investigations per week. 
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TABLE 1 


NI05H INDOOR AIR QUALITY INVESTIGATIONS 
BY YEAR (THROUGH DECEMBER 1988) 


Number 

^ear _ Completed _ 1 


Pre-1978 

6 

1 

1978 

9 

2 

1979 

12 

3 

1980 

28 

6 

1981 

82 

18 

1982 

52 

12 

1983 

61 

14 

1984 

56 

13 

1985 

81 

18 

1986 

59 

13 

1987 

38 

8 

1988 

Jil 

_2 

Total: 

529 

100 


While the majority of our investigations have been conducted in 
government and private-sector office buildings (Table 2), ve have also looked 
at problems in schools, colleges, and health care facilities. 

TABLE 2 

NIOSH INDOOR AIR QUALITY INVESTIGATIONS 
BY BUILDING TYPE (THROUGH DECEMBER 1988) 

Building Type _ » Completed _ % 


Government and 


Business Offices 

426 

80 

Schools and Colleges 

68 

13 

Health Care Facilities 

_2S 

_Z 

Total: 

529 

100 


Commonly, the symptoms and health complaints reported by the office 
workers are diverse and not specific enough to readily Identify the causative 
agent (Table 3). The workplace environment Is implicated by the fact that 
these symptoms normally disappear on weekends away from the office. At times, 
these symptoms can be severe enough to result in missed work, reassignment, 
and even termination. This causes increased anxiety among the workers and, 
often times, makes the investigation of these problems even more difficult and 
frustrating. 


Source: https://www.industrydocuments.ucsf.edu/docs/zqyxOOOO 


2023383801 


TABLE 3 


COMMON HEALTH COMPLAINTS 


Eye Irritation 
Dry Throat 
Headache 
Fatigue 

Sinus Congestion 
Skin Irritation 


Shortness of Breath 

Cough 

Dizziness 

Nausea 

Sneezing 

Nose Irritation 


Although many of these problems may be multifactorial, we have 
classified our evaluations by primary type of problem found:: contamination 
from the building material (4%); microbiological contamination (5%); 
contamination from outside the building (10%); contamination from inside the 
building (15%); inadequate ventilation (53%); and unknown (13%) (Table 4.) 
There are some shortcomings to these data, however, in that they may not 
represent a "true" cross-section of the indoor air quality problem as 
previously discussed. For example, we have not used a standard protocol for 
all these evaluations, as our methods and criteria have evolved with time and 
experience. Also, since many of these investigations were reviewed 
retrospectively, there may be some misclassification due to the vagueness of 
earlier reports. Lastly, we have little follow-up data on many of these 
evaluations to enable us to determine the efficacy of our recommendations[8]. 

TABLE 4 


NIOSH INDOOR AIR QUALITY INVESTIGATIONS 
BY PROBLEM TYPE (THROUGH DECEMBER 1988) 


Problem: Jmg _* _1 


Building Materials Contamination 

21 

4 

Microbiological Contamination 

27 

5 

Outside Contamination 

53 

10 

Inside Contamination 

80 

15 

Ventilation Inadequate 

280 

53 

Unknown 


-11 

Total: 

529 

100 


BUILDING MATERIALS CONTAMINATION 

Contamination from building materials and products was the major problem 
in 4% of our investigations. Formaldehyde can off-gas from urea-formaldehyde 
foam insulation, particle board, plywood, and some glues and adhesives 
commonly used during construction. Other building fabric contamination 
problems encountered included dermatitis resulting from fibrous glass, various 
organic solvents from glues and adhesives, and acetic acid used as a curing 
agent in silicone caulking. 
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MICROBIOLOGICAL CONTAMINATION 


Five percent of our investigations have involved some type of 
microbiological contamination * Even though this is not a common cause of 
office problems, it can result in a potentially severe condition known as 
hypersensitivity pneumonitis. This respiratory problem can be caused by 
bacteria, fungi, protozoa, and microbial products that may originate from 
ventilation system components. A similar condition known as humidifier fever, 
most commonly reported in Europe, is also a result of microbiological 
contamination in ventilation systems. In our investigations, microbiological 
contamination has commonly resulted from water damage to carpets or 
furnishings, or standing water in ventilation system components. 

OUTSIDE CONTAMINATION 

Contamination from sources outside the office space was the major 
problem identified in 10% of our investigations. Problems due to motor 
vehicle exhaust, boiler gases, and previously exhausted air are essentially 
caused by re - entrainment. This is usually the result of improperly locked 
exhaust and Intake vents or periodic changes in wind conditions. Other 
outside contamination problems Include contaminants from construction or 
renovation such as asphalt, solvents, and dusts. Also, gasoline fumes 
infiltrating the basement and/or sewage system can sometimes be a problem and 
are usually caused by gasoline leaks from ruptured underground tanks at nearby 
service stations. One of the most common sources of outside contamination has 
been carbon monoxide fumes from basement parking garages being recirculated 
through the building ventilation system. 

INSIDE CONTAMINATION 

Contamination generated by sources inside the office space was the major 
problem identified in 15% of our investigations. Copying machines are often 
found to be a significant source. Examples of this type of problem would 
Include methyl alcohol from spirit duplicators, butyl methacrylate from 
signature machine and ammonia and acetic acid from blueprint copiers. Still 
other inside contamination problems we have encountered include pesticides 
which were Improperly applied; dermatitis from boiler additives such as 
diethyl ethanolamine; improperly diluted cleaning agents such as rug shampoo; 
tobacco smoke of all type*; combustion gases from sources common to cafeterias 
and laboratories; and cross-contamination from poorly ventilated sources that 
leak into other air handling zones. 

Contaminants from inside or outside the office space, and from the 
building fabric are essentially chemical contaminants. Many times odors are 
associated with some of these contaminants which may aid in source 
identification. Additionally, in most cases, these chemical contaminants were 
measured at levels above ambient but far below any existing occupational 
standard. 
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INADEQUATE VENTILATION 


In 53% of our investigations, the building ventilation has been 
inadequate. When evaluating building ventilation, we normally use ASHRAE 
standards for comparison. ASHRAE standards 62-1981, "Ventilation for 
Acceptable Indoor Air Quality" (ASHRAE 1981) and 55-1981,, "Thermal 
Environmental Conditions for Human Occupancy" (ASHRAE 1981) are both used. 

Some of the ventilation problems we commonly encounter are: not enough 
outdoor air supplied to the office space; poor air distribution and mixing 
which causes stratification, draftiness, and pressure differences between 
office spaces; temperature and humidity extremes of fluctuations (sometimes 
caused by poor air distribution); and air filtration problems caused by 
Improper or no maintenance to the building ventilation system. In many cases, 
these ventilation problems are created or enhanced by certain energy 
conservation measures. These Include reducing or eliminating outdoor air; 
reducing infiltration and exfiltration; lowering thermostats in winter, 
raising them in summer; eliminating humidification or dehumidification 
systems; and early shut-down and late start-up of ventilation systems. 

CONCLUSION 

The major problems Identified in these NIOSH indoor air quality 
investigations can be placed into three general categories listed with 
decreasing frequency: Inadequate ventilation, chemical contamination, and 
microbiological contamination. Inadequate ventilation is the single largest 
problem we have seen in buildings. Although varied, these ventilation 
problems commonly can allow a build-up of any contaminants present in the 
occupied space to the point that adverse health effects are experienced or 
allow the environment to become annoyingly uncomfortable to the office 
workers. As our experience increased over time, we developed a solution- 
oriented approach to conducting these evaluations which places a high priority 
on building ventilation. This approach has resulted in the best allocation of 
our resources and has allowed more efficient use of in-field as well as 
analytical time. 

Increasing office worker awareness and the current shift to office- 
based, service-type employment will no doubt Increase concerns about the 
Indoor air quality in offices and other non-industrial settings. More 
research into office building ventilation and its effect on background levels 
of contaminants will be necessary to provide additional and more appropriate 
guidelines for the evaluation and control of indoor air quality problems in 
the future. 

Early recognition of a problem, with a timely and systematic evaluation, 
are key factors to a quick and effective resolution. 
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SOURCE, NATURE AND SYMPTOMOLOGY OF INDOOR AIR 

POLLUTANTS 


ACVA Atiaatk be, *37* Democracy Use, hWfcs, VA 22*30, USA 


INTRODUCTION 

ACVA Atlantic Inc. specialises In th« study of Indoor air pollution. 
Sine* v* established ACVA In 1981, we have pioneered a multi-disciplined 
approach to the Investigation of Internal pollution. Investigators Include 
chemists, microbiologists, and air conditioning engineers -- three disciplines 
unused to working as a teas. Our client list includes numerous government 
agencies; multi-national companies In insurance, finance, industry. banking, 
and property management; colleges, schools, and numerous hospitals. Host of 
our clients now not only ask us to examine other buildings that they own, but 
also enter into long term contracts of regular monitoring and preventive 
maintenance. In fact, as of Kerch 19S8, we have now studied the indoor air 
quality of over 42 million square feet of property. 

INDOOR POLLUTANTS - THE SOURCES 

Virtually everything we use in the interior sheds some particulates and/or 
gases. When a building Is new, some compounds are given off quickly and soon 
disappear. Others continue 'off-gassing* at a slow pace for years. Common 
office supplies and equipment heve been found to release dangerous chemicals- 
especially duplicators and copiers and we have even found formaldehyde being 
released from bulk paper etores. 

People themselves are a major contributor since each person sheds 
literally millions of particles, primarily skin scales, per minute. Many of 
these scales carry microbes but fortunately the vast bulk of these microbes are 
short lived and harmless. 

Clothing, furnishings, draperies, carpets, etc. contribute fibers end 
other fragments. Cleaning processes, sweeping, vacuuming, dusting, etc. 
normally remove the larger particles, but often increase the airborne 
concentrations of tha smaller particles. Cooking, broiling, grilling, gas end 
oil burning, smoking, coal and wood fires also generated vast numbers of 
airborne particulates, vapors, and gases. If the windows and doors are closed 
all of these can only accumulate in that Internal environment. 

INDOOR POLLUTANTS -- THE TYPES 

There are many types of Indoor pollutants, gases, vapors, dusts, fibers, 
and viable and non-vlable microorganisms. Some of the more common ones are 
described below. 
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There are arguably the widest range of pollutants with literally thousands 
of specific types fortunately occurring In very dilute concentrations which are 
usually expressed as parts par Billion or per billion. Host of these are 
presumed to be safe at the very low levels encountered, although *o»e synergism 
between different organics or some incidencas of organics "sensitizing* peopla 
to othar pollutants cannot be ruled out. Usually the organics ara more a 
problem in tha typical home than the office and concentrations In the home are 
usually higher than the office mainly due to lower air exchange rates. 

Radon Css 

Radon, a decay product of uranium,, la present in variable quantities in 
soils. It moves from ths soil by diffusion into the soil's sir pockets or into 
soil wstex. Then the radon can migrate fro* tha soil air through urrvented 
crawl spsccs, building foundation cracks, ate. into tha indoor space. Some 
building aggregates, cinder block, etc. also contain radon and out-gassing from 
these materials add to tha indoor air levels. In other cases radon inters a 
building via the water supply. Some of this radon is released when there la 
turbulencs of the water such as a running tap. It has been estimated by some 
researchers that anywhere from 10 to 15% of the average radon, we are exposed to 
comes from such water. However, the general consansus la that the principal 
source of radon in buildings undoubtadly is the soil gas. Pollution by radon 
Is far more prevalent In homes than in offices, again mainly due to the lower 
air exchange rates In homes plus the fact that homes have a larger area of 
axpoaure to soil relative to building volume and soil leakage area. 


Carbon dioxide is produced by respiration and combustion, oxides of 
nitrogen and sulphur are combustion products associated with gas stoves,yiood, 
coal fires, and kerosene heaters. Carbon monoxide is emitted from unvented 
kerosene heaters or wood stoves and it frequently diffuses into buildings from 
automobile exhaust fumes generated In adjacent garages. Small to trace 
quantities of each of these gases and other organics are present In cigarette 
smoke . 

Ozone is another gas that is generated, usually in very small quantities, 
by miscellaneous copying machines and by certain electrostatic precipitators 
that are used to clean up the air. In one specific case that we studied, the 
maintenance staff of a building switched off the main air supply fans over the 
weekend, but omitted to switch off the central electrostatic precipitators. 
Thus, ozone accumulated inside the air handlers and was subsequently delivered 
to the staff first thing each Monday morning. When the fans were switched on 
this caused a severe, though temporary, period of discomfort to the people 
working In the areas Involved. 


AlfefflEgl 

Prior to 1973, asbestos was the material of choice for flte-proof ing,, 
thermal insulation, and sound Insulation. It was used as a spray-on insulation 
of ceilings and steal girders; as a thermal Insulation of boilers, pipes, 
ducts, air conditioning units, etc.; as an abrasion resistant filler in floor 
tiles, vinyl sheet floor covtrlngs, roofing, and siding shingles; am e 
flexible, though resistant. Joining compound and filler of textured paints and 
gaskets; as a bulking materiel with the best wear characteristics for 
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automobile brake shoes, and in countless domestic appliances such as toasters, 
broilers, dishwashers, rsfrigerators, ovens, cloches dryers, slsctric blankets, 
hair drysrs, ate. In fact, the EPA has estimated that approxiaataly 733,000 or 
20% of all govemaent, rasldantial, and private non-residential buildings In 
the IhS. contain soae type of friable asbestos-containing material. 

The feet Is that many asbestos bearing materials or products are of no 
health risk whatsoever when used In the normal course of events. However, if 
for any reason of wear, abrasion, friability, watsr damage, etc., any of the 
asbestos fibers art released into the air and inhaled into people's lungs, 
there Is a health hazard. The scientific evaluation of all available human 
data provides no evidence for a “safe" level of airborne asbestos exposure, 
thus any quantity should bs considered potentially dangerous. 

Class Fibers and Other Han-made Fibers 

The glass fiber (usually referred to as fiberglass) Industry is in its 
infancy coopered with asbestos and since asbestos related illnesses only 
manifest theastlves tens of years after exposure, there are tome schools of 
thought that suggest glass fiber fragments will also accumulate in the lungs 
and cause latsr problems. This may be so, but it Is unlikely to be anywhere 
near as severe. The fibers of glass are not shed in such large quantities as 
asbestos and most of the resins, etc. bonding the fibers together appear to be 
extremely effective and long lasting. However, some frsgaontetion does occur 
and this Is especially noticeable when the loose fiberglass insulation k 
popularly used in attics and calling voids, Is disturbed. Host of us have 
experienced Itching on contact with fiberglass and dermatitis-type reactions 
are not Infrequent due to airborne fiberglass particles. 

MICROBES 

In our reviews of the literature, the one ares of Indoor pollution that 
has received least study or research has been contamination due to microbes. 

Mine percent of the first 223 major buildings studied by ACVa have exhibited 
high levels of potentially pathogenic or allergy causing bacteria, including 
Actinomyces and Flsvobacterlua species. In addition^ Legionella pneumophila, 
the cause of the dtaadsd Legionnaires* dlssase has frequently been Isolated 
from inside air conditioning systems. 

Perhaps more algnlficantly, we have found over twenty*eight different 
species of fungus contaminating air handling systems (sse Table 1). 

Table 1. Fungi Isolated from Air Conditioning Systems 
by ACVA Systems -- I9S1 to 1987 

Altemaria sp. 

Aureobasldlum sp. 

Cephalosporiun sp. 

Chrysotporium sp. 

Curvularla sp. 

Fuearlum sp. 

Honflla sltopblla 

Mucor sp. 

Ooapora sp. 

Nnlcillius sp; 

Rhisopus sp. 

Saccharomycas sp. 

Streptomyces sp. 

Vertlcllllum sp. 

UU 

h* 

o 


Aspergillus sp. 
Candida sp. 
Chaetomium sp. 
Cladosporlum sp. 
Dlplosporlua sp. 
HalmlnthosporUsi sp. 
Konosporlum sp. 
Mycella sterila 
Faactlomyces sp. 
Those sp. 
Rhodotorula sp. 
Scopularlopsls sp. 
Tricothecium sp. 
Ysasts 
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Of the 223 buildings studied by ACVA between 1961 and 1967, thirty-four 
percent hsvs been found to contain high levels of potentially pathogenic or 
allergy causing fungi, including Altemaria, Aspergillus, Cladosporlua, 
Fusarium, and Penicillium species. In many buildings with excessive staff 
complaints, either Aspergillus and/or Cladosporium species of fungus were found 
growing to excess in the air conditioning ductwork systems. In soar 
investigations, epidemiological tests run by various doctors have confirmed 
severe allergic reactions to the spores of these fungi in all affected staff. 
Subsequent cleaning and ramoval of the sourcea of thaae fungal contaminants 
have rasulted in a cowplsta abatement of complaints. 

DIRT.IN DUCTWORK 

HVaC systaas also have been found to be poorly designed and negligently 
maintained. Excessive dirt accuaulations are common in ductwork, even in 
hospitals. Frequently dirt is built into the systens during construction since 
the ducts ere installed long before the window*, etc. and construction dusts 
froa the site, plus wood shavings, lunch packets, coke and beer cans, etc. find 
themselves brushed into the vents then “out of sight *• out of aind.“ 

Thereafter over the life of the building, more dirt enters with the supply and 
return air. Good filters reduce the rate of this accumulation, but the only 
perfect filter would be a brick wall. All filters, even the ultra-efficient 
HEPA filters used in hospital operating rooms allow fine particles through. 
Many of these fine particles coalesce, sticking to each other by adhesion or 
electrostatic attraction and larger particles simply grow with time. In 

commercial buildings, such cheaper and far less efficient filters are common. 
Many will stop birds and aoths, but that is about all. Occasionally we find 
that the filters have been omitted and very frequently we find they are 

undersize, resulting In large air gaps that allow massive volumes of air bypass 

to occur. Then, there ere the large electrostatic precipitators that 
theoretically provide ultra-efficient air. In one major building we found 
out of t'neir 18 precipitators were inoperative due to broken parts, many had 
not worked for over a year., In a major hospital, we found the power pack was 
missing from one of these units. When inoperative electrostatic precipitators 
provide zero filtration. 

Dirty ductwork is a prefect breeding ground for germs. It provides an 
enclosed space, constant temperature, humidity, and food -- which is the dirt. 
No germ could wish for more! 

The extent of this potential problem la huge and it is very, surprising 
what va have found in ducts. Dead insects, molds, fungi, dead birds and 
rodents are common. In 198A we found two dead snakes in air supply ducts. Ve 
have also found rotting food, builders rubble, rags, and newspapers. All of 
these contaminate the air we breathe. It Is the dirt that encourages germs to 
breed -- germs which cause infections. 

The dirt and dusta also may be allergenic, in fact most of the dusts are,, 
by definition, household dusts which ere notorious for causing allergies in 
many people. 

In a survey of a 730,000 square foot hospital in Virginia, we found 16 
miles of ductwork. Here are a few examples of the problems we encountered in 
that maze of ducts. Smoke detectors blocked by dirt and inoperative; fire 
dampers jammed open by dirt - - they were unable to close ; reheat coils 
completely blocked by dirt seeling off the fresh air supply; turning venae and 
even the exhaust grilles completely sealed with dirt accumulations -- in the 
operating suite the exhaust fen we* still! working against these duct blockages 
causing such immense negative pressure in the dueta that the ducts were bowing 
Inward almost to the point of collapse; huge excesses of bacteria and fungi 
were present inside the air handling chambers and throughout the ductwork; 
cross infection rates were high and nurses, doctors, and patients complained 
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VENTILATION AND INDOC* POLUHTON 

The fact 1* that the accumulation of many pollutant! la Itself a symptom 
0 f a »ort serious problem -- a problem of inadequate ventilation. Medicine 
teaches us that treating tha ayaptoms simply doaa not work, ona ha* to go after 
tha causa of tha problaa. 

Improper vantilation can sometimes be carried to extremes. Tha frash air 
daapars wara closad completely in ovar 35% of thosa building* atudiad by ACVA 
(aaa Tabla 3). Thro* yaars ago w* found a building whara tha "maintenance 
engineer" had bricked up tha fra*h air vant* to aav* anargy. In Washington 
State, on* NIOSH investigator of a aick building found heavy duty polyethylene 

Table 3. Sick Building Syndrom Causes -- ACVA Experience 

Saarpi* Buildings: 223 

totalling 39,000,000 square feet 

Period: 1981-1987 


No frash air 
Inadequate fresh air 
Poor distribution of air 


Low filter efficiency 

Poor design 

Poor installation 


Excessively dirty ductwork 38% 

Condensate trays 63% 

Humidifiers 16% 

sheets sealing off the fresh sir intakes. It turned out that these had been 
Installed two years earlier to reduce the level* of silica dust being carried 
Into the building from Mount St. Helens. There are also nuaerous incidences of 
Inadequate ventilation due to hidden blockages inside ducts. Using fiber-optic 
technology, w* have found aany classical examples of such where turning vanes, 
dampers, and reheat coils inside ducts have been totally aealed with massive 
accumulations of dirt, loos* Insulation, etc. 

Perhaps the »o«t serious problaa of ventilation is that there is no 
effective legislation! aandating the uniform us* of minimum fresh air 
requirement*. Certainly sop* authorities do specify ventilation rates et the 
design stage -- aost of these are based on AS KRAI or BOCA standards. However, 
the major problaa is that there la no legislative structure, nor is there a 
practical policing methodology to ensure that the operators of buildings run 
their ventilation systems according to such designs. 

THE EFFECT OF ENERGY CONSERVATION 

Some of these examples of inadequate ventilation were due to ignorance or 
accidents, however, the complex of symptoms that 1 have mentioned - - the "sick 
building syndrome" -- may result primarily from energy conservation efforts to 
seal buildings end reduce the infiltretlon/exfiltratlon ©f air. Such efforts 
heva reduced the natural infiltration of fresh air that previously existed in 
many buildings, exacerbating the often undiscovered problem of a poorly 
designed or maintained HVAC system. 
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have shut down air com 
to lower energy costs 
climates, condensation 


ing building* and sealing windows, building managers 
Dnlng systems at night and on weekends in.an effort 
When the air conditioning Is shut down in humid 
ds up and settles Inside the ductwork. If dirt Is 
present In damp ductwork, spares and microbes can flourish, only to be spread 
throughout the building once the HVAC system is turned on the next morning. 
This often results in Monday morning complaints of building odors or building 
sickness that disappear during the week, only to recur the following Monday 
morning. To aav« more energy, automatic taaperatura controllers are used 


cycle fans 


uring the day 


rations ft 


the start-up of these 


fans can cause dirt and microbes trapped inside ductwork to be dislodged and 
carried into occupied areas. 


Another energy conservation effort that 


rihute to sick building 


syndrome is the re 
air. The 35% of t 

off 


air, et the expense of fresh outdoor 


all the fresh air. 

Extremely bad distribution of air throughout the building ie common, 
especially in those systems using multiples of fan coll units mounted 
throughout the various floors of the building. Local thermostats switch off 


dividual units indfcpende 


ro*en 


nments are set up. 


Often it 
required, 
areas concerned. 

Variable air 
ceiling void freq 
temperature condit 
the void can be ir 


necessary to ensure that when the heating or cooling la not 
the fans should be left running to aid circulation throughout the 


office due 


tie systems (VAV) using VAV mixing boxes mounted in the 
y have louvers opening into the void. When certain 
tions are met, the louvers open and return or exhaust air from 
induced into the supply air, bypassing the filtration system, 
erglass, asbestos, fungi, and ETS to be recycled throughout an 
s design. 


r\t finds the following design condition, exhaust 
f Che supply fans. The supply fans am* often 
or energy savings, say to 25% of their rated 
s not adjusted at the same rate the exhaust fan. 


resh air gets 


More and more frequently 
fans rated at say 70 to 80% 
automatically throttled back 
capacity. If the exhaust far 
can overpower the supply fani 

fresh air louvers now act as addition exhausts and' the who 
negative pressure. When this occurs, unfiltered outside a 
the building or, worse still, exhaust fumes are lucked v 
garages. 

In addition, as described above, ''the substitution of low cost. low 
efficiency filters to reduce pressure drops and save energy seriously reduces 
the efficiency of building filtration systems, and can lead to serious indoor 
air quality problems. 

VENTILATION COST'S 


the building. The open, 
‘ ailding runs at 
nfiltrates into 
rom underground 


doubt, the major resistance to 

>> Vi < > 


creasing ventilation rates has 
been, the cost of such incraasea. Host companies have Incorporated energy 
management problems and new operating budgets based on saving avery energy 


dollar possible. 


fact, the very salaries and 


of budgets of the energy managers. Consider the following: the average 
heating, ventilation, and air conditioning operating cost 
square foot building in the Washington, DC. area would 
A commendable target for energy saving by saving on vent 
savings, giving a useful $12,500 per annua. Of course 


luildlng engineers 
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operst# buildings many fold larger than 100,000 square feat, so these savings 
are an attractive goal (see Table 4). 

Table 4. Energy Conservation. 

Consider a 100'000 square foot building 

Typical total utilities cost ($1.25 and $l.?5/sq ft) 

Average: $1.50/square foot - $150;000 per annua 

Typical HVAC fraction (25% to 40%) 

Average: 35% - $50,000 per annua 

Thus: All energy conservation steps by 
reducing ventilation. Increasing air 
recirculation, etc. contribute a 
fraction of $50,000 per 100,000 square foot 
Nota: a 25% energy savings - $12,500 per year 

Nov, consider the payroll costa for people in that building. Using 
typical averages, there are 150 aquart feet of space per employee, therefore 
each 100,000 square feet would house 667 people. Supposing we paid these staff 
only $15,000 per annua for the salary plus payroll costa, the salary bill (667 
x $15,000) would ba approximately $10,000,000 per annua per 100,000 square 
feet. Thus, each 1% absenteelsn coats $100,000 per annum (see Table 5). 
Typical absentee rates run at 3 to 7% and no lass than 30 to 50% of all 
absenteeism la astloated to be due to upper respiratory problems. How many of 
these are due to dusts, bacteria, fungi, fibers, chemicals, ETS, carbon 
monoxide, oxides of nitrogen, etc.,, l.a., hov many are due to these internal 
pollutants. 


Table 5. Payroll Costs. 

Consider 100,000 square feet 
Average staffing - 150 square foot/employee 
1QCLQQQ square feet - 667 employees 
150 

Assume average salary and benefits - $15,000 per annua 

667 x $15,000 - $10,000,000 per annum 

i.e., aach 1% absenteeism costs $100,000 per annum 

Note on Average : Upper respiratory complaints - 
30 - 501 of all absenteeism 

In short, what doas It profit a company to save $12,500 in energy savings 
if that small saving causes potentially hundreds of thousands of dollars In 
absenteeism, not to mention lost worker efficiency. Small wonder that some 
European countries, including Denmark,, Vest Germany, end Switzerland have 
Introduced legislation mandating that steps must he taken to prevent the 
buildup of internal pollutants. The United States la destined to follow that 
course either by alow evolution or legislation will be precipitated ea a 
result of court actions brought by Individuals or by trade unions making the 
building owners, architects, designers, and operators responsible for the 
health end welfare of their ateff or tenant*. 
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FOREWORD 


V 


Indoor air quality conservation and procedures for the measurement of related 
potential pollutants, such as radon, asbestos, gases, pesticides, tobacco smoke and 
bacteria from air conditioning systems, have seen important changes in recent years, 
while the range and the scope of the studies have continued to expand. 

In addition to helping preserve public health, the field of interest is now extending 
to include such areas as architectural design, ventilation engineering, sociology, 
psychology and legal aspects. Related analytical techniques like gas chromatography 
and mass spectroscopy have undergone parallel refinements and their range of ap¬ 
plication has broadened. 

These advances were discussed at the Conference ‘Present and Future of Indoor 
Air Quality’, held in Brussels, February, 1989, following symposia on indoor air 
quality at Essen and Tokyo in 1987 and London in 1988. The sessions were attended 
by about 200 scientists representing 20 countries. A total of 92 papers and posters 
were presented covering such topics as pathogenesis and epidemiology, sources of in¬ 
door air contamination and risk assessment, chemistry of indoor air related to the 
outdoor air quality, social and psychological aspects of poor indoor air quality, 
motivation and attitudes, future guidelines for the improvement of indoor air quali¬ 
ty through architectural and ventilation design, and air quality monitoring. 

The proceedings include full texts and posters presented during the meeting. The 
organising committee hopes that they will constitute a useful guide for the improve¬ 
ment of our indoor air quality in the future. 
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INTRODUCTION 

An implicit objective of the designers of modern office buildings 
is the creation of a "healthy” work environment, one in which 
building occupants are satisfied with indoor environmental 
conditions. However, since the 1970*s, it has become apparent that 
occupants of many buildings are not satisfied, frequently reporting 
a high prevalence of health and comfort complaints which they 
relate to their work environment. This dissatisfaction has 
adversely effected productivity through higher absenteeism and 
increased stress. This type of problem is commonly referred to as 
the "Sick Building Syndrome”. This syndrome was first recognized in 
Scandinavia in the early 1970's, and has subsequently been widely 
studied in other countries of Western Europe and in North America 
(1,2). The most commonly reported symptoms include eye, nose and 
throat irritation, headache, fatigue, nausea, dizziness and skin 
rash or itchiness. In addition, occupants of sick buildings often 
report comfort problems such as a lack of fresh air, stuffiness, 
inadequate temperature control and unpleasant odours. 

A large number of investigations of sick buildings have now been 
conducted by government and private sector organizations. These 
past building investigations offer design professionals a vast 
quantity of valuable information about "mistakes" made in the past. 
Designers can learn how to create "healthy buildings" in the future 
from the mistakes that have caused "sick buildings" in the past. 

A DATABASE OF PROBLEM BUILDINGS 

An information system, the Building Performance Database (BPD) 
has been developed as a tool for building professionals and 
researchers. The BPD currently contains the results of 366 
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building investigations conducted by both government agencies (such 
as NIOSH and Health and Welfare Canada) and private sector 
organizations. The BPD is an on-line synthesis of a wide range of 
information collected by the investigators of sick buildings. The 
database includes bibliographic information about the investigators 
and their conclusions, architectural and engineering data, and the 
results of air quality measurements, building system testing and 
surveys of occupant health and comfort, 

BPD is installed on a mainframe computing system in Canada which 
can be accessed worldwide through existing communications networks. 
A more complete description of the analytical capabilities of the 
BPD has been presented elsewhere (3). 

PAST "MISTAKES" 

The findings from past investigations can provide useful 
information to design professionals as they plan future buildings. 
Knowledge about the causes of past occupant complaints can 
influence design decisions. 

Table One summarizes the conclusions from the 366 reports 
currently contained in the BPD. Review of the data in BPD shows 
that in many cases, investigators may identify several factors 
which they feel had all contributed to the building related 
problems. Consequently, the table summarizes those factors which' 
have been reported by investigators as contributing to building 
problems. These factors include ventilation related problems, 
specific indoor pollutants, stress and ergonomic design. Because 
investigators have frequently indentified more than one cause in a 
building, the total number of suspected causes in the table does 
not equal the number of reports in the BPD. This format differs 
from tables previously developed by NIOSH and Health and Welfare 
Canada (4,5,6), which have reported one cause per building (i.e. 

400 investigations and 400 suspected causes), which may have 
oversimplified their results. As the objective of this paper is to 
provide designers with input into future design decisions, the 
table provides more detail on specific building problems than those 
of NIOSH and Health and Welfare Canada. 
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TABLE 1 


INVESTIGATOR"S CONCLUSIONS FROM REPORTS 
PERFORMANCE DATABASE 

CONTAINED IN THE 

BUILDING 

SUSPECTED CAUSE INDENTIFIED 

Number 

Percent 

VENTILATION. CONTROL PROBLEM 

159 

39.0% 


lack of outside air 
poor air distribution 
poor temperature control 
operational deficiency 


VENTILATION INFILTRATION PROBLEM 
reentry of exhaust fumes 
outside infiltration 

40 

10.0% 

INDOOR SOURCES 


28 .1% 

offgassing from building materials 

27 


printshops/duplicators 

17 


microbial 

14 


smoking 

12 


fibrous insulation 

8 


chemical storage 

6 


cleaning solvents 

6 


pesticides 

5 


lighting 

5 


refrigerant spill 

4 


carpet shampoo 

4 


other (boilers,water leaks, etc.) 

7 


STRESS 

12 

2.9% 

ERGONOMIC/WORKSTATION DESIGN 

5 

1.2% 

UNDETERMINED CAUSE 

42 

10'. 2% 

NO PROBLEM IN BUILDING 

35 

8.6% 


TOTAL 


408 


100 . 0 % 


ventilation. Related Problems 

"Ventilation Related" inadequacies are the most commonly reported 
cause of problems in buildings., A differentiation can be made 
between problems of "control" and "infiltration". 

ventilation Control,Problems . In 39% of the cases contained in 
BPD, investigators found problems such as inadequate outside air 
supply, poor air distribution, poor temperature control, a lack of 
humidification, and various operational deficiencies (such as 
mechanical failure and poor maintenance practices);. All of these 
causes are "control" problems within the mechanical systems, that 
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can often be corrected with fine tuning of the systems. Although 
not specifically stated in the report conclusions, ventilation 
control inadequacies probably contribute to other problems in 
buildings. For example, in those reports where a specific indoor 
pollutant was cited as the suspected cause, e.g. offgassing of 
formaldehyde or smoking, the specific pollutant may have been 
removed from the building if the mechanical systems had been 
operating effectively. 

Ventilation.Infiltratio n Prp fr lgms* In 10% of the investigations, 
the cause of building problems was contamination of the outside air 
supply, resulting from inappropriate location of an outside air 
intake. Investigators have identified two distinct causes of 
infiltration problems. First, reentrainment of air exhausted from 
the building due to the close proximity of air intake and exhaust 
vents. Second, infiltration from external sources such as 
automobiles or industry due to improper location of outside air 
intakes, e.g. at street level on busy downtown streets, adjacent to 
loading zones or downwind from industrial plants. Designers of 
future buildings must make certain that outside air intakes are not 
located such that reentrainment or external infiltration can occur. 

Ind o or_SQU X C.£S 

Specific sources of indoor pollution were cited as the suspected 
causes of problems in 28.1% of the reports contained in BPD. The 
specific sources are identified in the table. The most commonly 
reported sources include offgassing from various building 
furnishings and finishing materials (20 reports), contamination 
from print shops, spirit duplicators and blueprint machines (17 
reports), and microbial contamination (14 reports). Microbial 
contamination may partly also be considered "ventilation related", 
as problems have occurred as a result of the presence of standing 
water and dampness in HVAC system components. Smoking has been 
cited as contributory factor to building problems in 12 reports 
contained in BPD. Other identified sources include pesticides, 
insulation materials, carpet shampoo and leakage from boilers and 
water piping. 

St ress 

In 12 investigations, stress was reported as a contributory 
factor to the building related problems. In these cases, 
investigators were unable to determine a physical cause. However, 
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negative occupant perceptions about the work environment was cited 
as the main problem. Investigators of problem buildings must take 
care not to intensify occupant concerns by their presence in the 
building and Speculation" about building problems prior to final 
analysis. Recent research has suggested that the presence of 
investigators in a building may act as a psychological stressor, 
intensifying occupant belief that problems exist (7). Such 
problems can be avoided with carefully designed and executed 
building evaluations. Standardized protocols for building 
evaluations have been developed by several researchers (8,9). 

Ergg na mlc Des i gn 

An important consideration for interior designers is work station 
design. Although few investigators of sick buildings appear to 
have considered ergonomic factors, recent research has suggested 
that VDT work station design is an important factor in occupant 
comfort for many white collar workers (10). Poor work station 
design and/or interior layout wes cited as a suspected cause of 
building problems in five reports contained in BPD. 

Unidentified Causes 

In 42 cases, investigators were unable to determine the cause of 
building related problems. All environmental parameters were 
"normal", and mechanical systems were operating according to 
established standards. 

No Problem in Building 

In 35 cases, investigators concluded that there was no problem in 
the building under investigation, i.e. no health hazard existed. 

In most of these cases, investigators were asked to evaluate the 
potential for building related problems, rather than responding to 
specific complaints. 


DISCUSSION 

A vast array of information is now available to building design 
professionals and researchers, which identifies the probable 
reasons for occupant health and comfort complaints in modern office 
buildings. This information has been (and will continue to be) 
synthesized into a database information system, which may be 
accessed by building designers and engineers. 

Review of the findings of the investigations contained in this 
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database suggest that some of the problems that have plagued many 
sick buildings could have been avoided at the design stage* This 
is not to say that designers should be blamed for all sick building 
problems. A building may have been appropriately designed, but 
later actions by the building users has created the problem. For 
example as a result of energy conservation measures, alteration or 
the building without attention to the mechanical systems, 
overcrowding, poor upkeep and maintenance, or introduction of 
specific sources of pollution to the building. Whatever the cause 
of past problems in sick buildings, tools such as the BPD will be 
valuable in the efforts to design healthier work environments in 
the future, in which occupants will be more satisfied with their 
indoor environment and consequently more productive. 

One final word of caution. The creation of healthy buildings is 
not solely a design issue. Once a building has been properly 
designed, building operators and users should practice a 
preventative approach to ensure that the building stays healthy 
thoughout its life. The design stage should be viewed as the first 
stage of an ongoing process termed "Building Commissioning”, which 
continues to monitor the functional performance of building through, 
construction and occupancy (11,12). 
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AN INDOOR AIR QUALITY SURVEY OF 
TWENTY-SIX SWISS OFFICE BUILDINGS 


Sliton Turner and Peter V.H. Binnle 
Healthy Building* International Inc. (HBI> 
10378 Democracy Lane 
Fairfax, Virginia 22030 
U.S.A. 


In an effort to characterIre the major factor* influencing air quality in 
buildings in Switzerland, 26 representative buildings were selected for this 
study. Each building was subjected to the same indoor air quality survey 
methodology. The most significant cause of air quality problems was found to be 
poor ventilation, followed by inadequate filtration and poor hygiene. Control 
of Legionella bacteria and asbestos-containing materials may also require high 
priority In order rn nravent immediate and long term hazards to building 
occupants. 

IHTRODUCTIOH 

There is a continuing requirement for air quality data on buildings not 
classified as "sick” which are representative of buildings as a whole within a 
specific region or country. Currently, data on levels of many common indoor 
pollutants in Switzerland are sparse. In addition, it has been shown in the U S. 
(1,2,3) that maintenance activities and the condition of air handling aquipment 
can have a profound affect on indoor air quality. Information on these factors 
in Switzerland is equally hard to find. 

This survey selected and evaluated a representative group of 26 commercial office 
buildings comprising a total of approximately 102,300 square meters of office 
space In 20 cities in Switzerland. The objective of this survey was to provide 
contributory data for future mitigation policies, as well as to help set 
guidelines for suitable ventilation rates and filtration standards in particular . 
These studies were carried out from the 7th of February to the 15th of March 
1989. The buildings selected for this survey were of a wide variety in terms of 
their size, construction and use. However, a standard methodology to investigate 
•ach building was applied. 

KETHODOLOCT 

Although a standard approach was used to survey aach building, it required 
flexibility to cope with different types of buildings examined. 

Initial Walk Through 

Since one of the objectives of this survey was to assess maintenance standards, 
each study commenced with an lntervlaw with the personnel responsible for 
maintenance of the building. Questions were designed to elicit operative details 
such as system on/off times; fresh air, return air and exhaust settings; 
scheduled maintenance routines; and complaint araas, if any, but did not Include 
questioning of the occupants. There was a walk through of each building to 
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identify obvious building configurations or design features which could influence 
air quality in the occupied areas. This was followed by a complete visual' 
inspection of the internals of the building's ventilation system, if any. A 
visual inspection was also made of the internals of the main air supply ductwork 
leaving each air handling unit. Where necessary,, access was gained to this 
ductwork by the Installation of a small access port and the insertion of a fiber 
optic borescope. 


In each air handling unit and main air supply duct, a series of samples were also 
collected on cellulose ester filters for light microscopy analysis. Surface 
microbe samples were collected on Random Organism Detection and Counting (RODAG)i 
agar plates, to be subsequently incubated, counted, and identified. 

A laser particle counter with a size-selective inlet for sampling particles with 
an aerodynamic diameter of 0.5 microns and above, was used to count particles 
inside the ductwork. At least two points were sampled inside each major run of 
ductwork. This qualitative information on the building, along with the location 
of the samples and the building engineer questionnaire. was prepared on a set of 
standard field notes to ensure consistency. In the case of buildings not 
equipped with forced air ventilation systems, this walk through and sampling 
phase was obviously more limited In scope. 


A set of locations were identified in each building to be used for quantitative 
airborne sampling. These locations wars spread avanly throughout the study ares 
of each building with a minimum of two locations per floor, as well as an outdoor 
control sample point. The following parameters were measured st each location 
where relevant and appropriate: 

• Respirable airborne particle counts, using a piezoelectric microbalance; 

• Carbon dioxide levels, using a non-dispersive infrared absorption portable 
gas analyzer; 

• Carbon monoxide concentrations, using a controlled potential electrolysis 
detector; 

• Airborne nicotine (after Ogden et el (4)), with a personal universal flow 
sampling pump; 

• Temperature, using s miniature platinum Pt 100 resistance sensor; and 

• Relative humidity, using a chromed layered capacltatlve electrode. 

The following parameters were measured in at least two selected locations In each 
building: 

• Miscellaneous gases, using Castec calibrated detector tubes 

• Airborne microbial counts, using a centrifugal air sampler employing 

impaction onto an agar lined drum; 

• Formaldehyde, using midget implngers containing sodium bisulphite, followed 
by spectrophotometric analysis; 

e Radon gas In basement arses, using Track-Etch radon detectors; 

• A range of volatile organic compounds, using a CC/MS in one or two 

locations per building, plus an outside control for each city; 

• Bulk asbestos analysis of any materials In the air stream of the 
ventilation system, or exposed to the building occupants, which were 
suspected of containing asbestos fibers; 

• Sampling and counting of airborne asbestos fibers; 

• Sampling of selected water sources, and analysis for the presence of 

Legionells pneuaophll* , along with a hazard assessment of the water source 
for possible future contamination and dissemination of this organism. 
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RESULTS AND DISCUSSION 

This survey yielded a large amount of decs which can be broadly classified as 
either quantitative analytical data or more empirical assessments of the 
condition of the air handling systems. The quantitative data is shown in Tables 
1, II and 111, with the qualitative data assessed and ranked on Figure 1. 

Nitrogen dioxide, lower and higher range hydrocarbons, ozone, ammonia, and 
sulphur dioxide were not found above the detection limit of the method used and 
are, therefore, not included in these tables. 




TABLE I. 

MECHANICALLY VENTILATED AREAS 








RSP 

Total 


Nico¬ 


Airborne 

Building 

COj 

(ppn) 

CO (ppm) 

(pgn* S ) 

HCHO 

VOCs 

tine 

Radon 

microbes 

Area 

an 

ora 

am 

ora 

am 

ora 

(oDm) 

fura' 1 ! 

(ucm* 3 ) 

(Bara* 3 

hfcfurr' 3 ) 

A (all) 

628 

545 

4.3 

4.1 

41 

35 

0.03 

1161 

6.6 


238 

C (all) 

408 

408 

2.5 

2.7 

53 

53 

0.01 

64 

<DL 

40 

340 

F (all) 

454 

587 

3.6 

3.7 

13 

19 

0.01 

2030 

4.0 

18 

111 

1 (all) 

496 

442 

4.3 

4.4 

29 

35 

0.04 

515 

2.9 

29 

170 

R (all) 

52B 

492 

2.5 

0.8 

20 

28 

<DL 

-- 

-- 

33 

374 

Y (all) 

473 

491 

3.5 

3.3 

14 

12 

0.02 

276 

3.5 

81 

600 

Z (basement) 

m 

m 

3.0 

2.5 


10 

0.03 

772 

.. 

66 

1000 

MEAN 

498 

509 

3.4 

3.1 

26 

27 

0.02 

900 

3.4 

44 

405 



TABLE II 

NATURALLY 

VENTILATED AREAS 








RSP 


Total 

Nico¬ 


Airborne 

Building 

CCk 

(ppm) 

CO (ppm) 

(pgn' 3 ) 

HCHO 

VOCs 

tine 

Radon 

microbes 

Area 

am 

Ott 


Dm 

am 

on 

(doo) 

( um* J ) 

(urnT 5 ) 

(Ban* 3 

) (cfum* 3 ) 

D (B-2F 

523 

564 

2.4 

3.4 

21 

36 

0.06 



77 

334 

and 5F-8F 

E (all but 

600 

622 

2.7 

6.7 

92 

56 

0.06 

824 

<DL 

62 

768 

lab 

C (all but 

858 

642 

6.2 

4.2 

118 

357 

0.06 

991 

23.4 

37 

775 

reception 

H (all but 

669 

572 

2.1 

3.5 

14 

16 

0.12 

2693 

3.9 

44 

116 

computer/conference 

rooms) 









J (ell) 

679 

871 

3.4 

3.6 

29 

34 

0.20 

1206 

41.9 

29 

533 

K (all) 

817 

817 

1.5 

1.8 

98 

87 

0.04 

2859 

18.3 

48 

268 

L (all) 

938 

588 

2.5 

2.0 

31 

14 

0.07 

2033 

2.8 

59 

157 

M (total 

733 

544 

2.0 

2.0 

49 

30 

0.01 

562 

17.8 

23 

366 

study area) 











N (all) 

746 

750 

2.0 

2.0 

16 

16 

0.02 

414 

15.1 

275 

254 

0 (coaplate 

692 

713 

3.3 

2.4 

33 

• - 

0.02 

935 


29 

273 

study araa 

except 3F conf, 

lounge, 

and 2F lounge) 




P (all) 

670 

895 

2.4 

2.0 

25 

33 

0.02 

702 

<DL 

37 

171 

T (all) 

731 

613 

2.5 

2.0 

32 

24 

0.03 

146 

9.0 

209 

156 

U (Ground 

600 

475 

3.0 

2.5 

100 

85 

0.04 

-- 

... 

37 

500 

floor offices. 

basement) 









V (all) 

683 

692 

3.5 

2.5 

33 

15 

0.04 

84 

5.3 

92 

325 

V (all) 

556 

600 

2.7 

2.6 

46 

52 

01.02 

910 

<DL 

532 

372 

X (all) 

900 

720 

2.4 

2.4 

144 

78 

0.03 

138 

<DL 14,641 

38 

Z (all but 

575 

658 

2.3 

2.3 

45 

78 

0.02 


3.0 

. . 

454 

basement) 












KEAN 

704 

667 

2.8 

2.1 

55 

63 

0.05 

1036 

10.0 

106* 

345 


♦This mean figure does not include the result from Building X. 
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TABLE III. MIXED VENTILATED AREAS 


Building 

Area 


(ppm) 

pm 

CO 

aa 

(PP») 

om 

RSP 

<■>*■•*> 
am om 

HCHO 

foom) 

Total 

VOCs 

(ura* 3 ) 

Nico¬ 

tine 

Radon 

(Bars' 3 

Airborne 
■jrrtfccs 
) (cfxsn' 3 ) 

B (all) 

579 

561 

5.4 

4 6 

19 

16 

0.04 

2420 

25.7 

37 

377 

D (3F-4F) 

460 

450 

3.0 

3.4 

12 

14 

0.01 

1366 

<DL 

-- 

271 

E (GF lab) 

1250 

1850 

3.0 

3.0 

80 

130 


599 

- - 

-- 

259 

G (CF 

reception 

350 

400 

3.0 

2.0 

40 

80 

... 

* - 

<DL 

• •• 

775 

H (computer/ 550 
conference) 

700 

2.0 

4.0 

20 

10 

. - 

" ■ 

• - 

- *■ 

13 

0 (3F conf. 508 617 

lounge and 2F lounge) 

3.3 

2.7 

25 

’ * 

.. 

. - 

2.7 

~ *■ 

516 

Q (all) 

620 

573 

2.4 

2.7 

55 

13 

0.03 

329 

2.1 

33 

533 

S (all) 

750 

517 

3.2 

2.8 

43 

42 

0.03 

321 

1.4 

77 

554 

U (IF, 3F, 
CF ctftl 

550 

558 

2.7 

2.8 

70 

57 

* * 

1070 

1.1 

. - 

481 


MEAN 

624 692 3.1 3.1 40 46 

0.03 

1018 4.7 48 

CO 

carbon monoxide 

co 2 

carbon dioxide 

RSP 

respirable size particles 

HCHO 

formaldehyde 

VOCs 

volatile organic compounds 

W 5 

mlcrogram/cubie meter 

ppm 

parts per million 

DL 

detection limit 

efum' 3 

not tested for 

colony forming units/cubic meter 

Bqm* 3 

Becquerels/cubic meter 


These 26 buildings varied widely, end es a result, there were many items found 
which were unique to a particular building. Specific problems included HVAQ 
outside air Intakes directly adjacent to parking lots. This type of problem is 
reflected In the "building configuration" section of Figure 1. Another problem 
unique to a building was an excessively high radon concentration In an area of 
Building X which required Inedlate attention. There were, however „ some other 
more pervasive factors which were common to at least a sub-set of the buildings. 

Since this survey was made In winter, most operable windows remained closed. As 
a result, many of the buildings that were not equipped with forced ventilation 
systems became somewhat stuffy, and this was reflected in elevated carbon dioxide 
concentrations, either throughout the building, or in certain pockets. Table III 
shows carbon dioxide levels overall in the naturally ventilated buildings to be 
slightly lower in the afternoon -- this coincides with observations that windows 
were more often open in the warmer afternoon hours than in the colder mornings. 
Table III also shows that most Indoor pollutants measured were marginally higher 
In the naturally ventilated areas. An exception is carbon monoxide, which was 
generally lover and this may be due to the presence of underground parking 
garages under many of the sealed, mechanically ventilated buildings. 

Low ventilation rates can be seen to affect more than half of these 26 buildings 
(Figure 1) and may be Indicative of a general trend. Since the majority of 
underwentilated buildings were older structures with little or no mechanical 
ventilation system, it demonstrates that indoor air quality problems are not 
limited to U.S. style "high tech” sealed buildings, but are Just as likely in 
older buildings (at least in seasons of adverse weather). 
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Figure 1. Indoor Air Quality Problems from 26 Swiss Buildings 
Cumulative Building* Studied 


W3 Secondary 
[HD Minor 


None Inade- Diet. Inade- Fit Load AHUs Tray* Air Bldg Aab. (IS FIB. Beet. Fungi 
(eat* Ovate supply cont glass 


VENTILATION 


FILTRATION 


None - no fresh air 
Inadequate - United fresh ait 
Dist. * poor fresh air distribution 
AHUs - dirty air handling units 
Trays - blocked or dirty condensate 
trays 

Air supply - dirty air supply ducts 
Bldg Conf - building design or 
configuration problems 


SYSTEM | CONTAMINANTS 

Inadequate - low efficiency filters 
Fit - poor fitting filter 
Load - excessively dirty filters 
Asb. - presence of asbestos 
ETS • environmental tobacco smoke 
Fib. glass - loose in air supply system 
Bacteria - presence of infectious or 
allergenic bacteria 
Fungi - presence of infectious or 
allergenl fungi 


Overall, dust levels were higher in the naturally ventilated buildings not 
equipped with a filtration system. This is not surprising since dusts generated 
by occupant activities are more likely to be suspended in the room air for long 
periods instead of being drawn Into a return system. In the more sophisticated 
buildings, a number of filter systems were found to be subjected to poor 
maintenance -« most coomonly the selection of filters which are likely to rate 
less than 10% efficient in the respirable sire range. Host commercial systems 
should be fitted with filters at least 20% efficient in this sire range. A 
minority of these filters were poorly fitted, allowing air bypass, and four 
buildings were found to have filters which were excessively loaded. Ue still 
require a standard test which evaluates the ability of the filter to remove sub- 
micron sire particles since these are the ones that penetrate deep Into the 
respiratory system. We currently do not have such a teat which is applied 
routinely to commercially evaliable filter*. 

Due to poor maintenance, heavy dirt created problems in most of the sir handling 
units inspected. Condensate trays and air supply ducts were also found to be 
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loaded with various levels of dirt, slime or scale. Sampling for Legionelle 
pnmuaophilm In building water using the Legionella Rapid Assay method, revealed 
trace levels of the organlsn in five buildings, and strongly positive results in 
three buildings. These Bade up the majority of the bacterial problens found in 
this survey and demon*trate that this organism may be quite widespread in cooling 
and hualdifylng systems in Swiss buildings. In all twenty-six buildings, 
airborne microbial samples yielded vide ranges of fungal species. These were 
generally similar to outdoor air sample results, better attention to hygiene of 
air handling systems may be one of the more effective ways of reducing occupant 
exposure to irritants in many Swiss buildings. | 

A minority of buildings exhibited poor use of fibrous glass, creating the 
potential for release of fibers either into the air stream of the ventilation |: 

systems, or directly into the room air. This is a maintenance item which is 
relatively simple to correct. More complex problems are raised by asbestos 
containing materials which were found to be a significant problem in two of the 
buildings examined, and secondary or minor problems in a further four. The 
control of fiber release from asbestos containing products in Swiss buildings may ; 

be a topic which requires significant educational effort in the future. 

Environmental tobacco smoke was found to be a secondary or a minor irritant in 
a total of six of these buildings, usually associated with pockets of poor 
ventilation. Ventilation rates which maintained carbon dioxide levels 
consistently below 800 ppm, resulted in low levels of ETS, both as measured by 
nicotine and RSP levels. 

The most room for improvement in these buildings was found with ventilation 
rates, which were inconsistent, and. in mechanically ventilated buildings, with 
overall levels of maintenance, especially with regard to filters and cleaning 
schedules. In particular, there is a need for a standard filter testing method | 

for respirable dust removal. Furthermore, if these buildings ere representative 
of many Swiss buildings, control of Legionella bacterium in cooling systems, 
improvement of hygiene of air handling units to maintain low levels of bacteria 
and fungi, and abatement of asbestos containing materials in exposed areas may 
need to be given high priorities in order to prevent immediate and long term 
hazards to building occupants. 
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ABSTRACT 

The indoor environment of modern buildings, especially those designed 
for commercial and administrative uses, constitute a unique ecological niche 
with its own biochemical environment, fauna and flora. Sophisticated con¬ 
struction methods, new materials and machinery required to maintain the 
indoor environment of these enclosed structures produce a large number of 
chemical by-products and permit the growth of many different microor¬ 
ganisms. Because modern office buildings are sealed, the regulation of 
humidification and temperature of ducted air presents a dilemma, since dif¬ 
ferent species of microorganisms flourish at different combinations of 
humidity and temperature. If the indoor environmen t of modern office build¬ 
ings is not properly maintained, the environment may become toxic to the 
occupants’ health. Such buildings are classified as Sick Buildings. A review 
of the epidemiology of building illness is presented. The etiology of occupant 
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illnesses, sources of toxic substances, and possible methods of maintaining a 
safe indoor environment are described. 


INTRODUCTION 


Disease has always been strongly associated with the type and use of 
structures humans occupy. Food, drink, waste products and the presence of 
any other organic substances (including animals) harbor infectious or¬ 
ganisms. With the discoveries of the vectors by which infectious organisms 
invade a human host have come innovations in building technology and 
mechanical appliances that cook, store and preserve food* eliminate human 
waste, and help keep the indoor environment of a building reasonably free 
of harmful infectious agents. In addition, although not recognized as a source 
for disease, are toxic chemicals found indoors. The link between the by¬ 
products of combustion of biomass materials burned indoors (such as wood, 
coal, and later on, kerosene and natural gas) and subsequent chronic disease 
was not recognized until relatively recently. In general* while the type of 
structure in which people lived and worked may have had a profound in¬ 
fluence on their health, specific antecedents of disease were not so much re¬ 
lated to a structure of a building as to a specific point source within the 
structure (e.g., wastes, storage of food, fires used for heating or cooking). 

At the start of the twentieth century, a new type of structure became 
prominent; that of a large public building devoted to commercial or ad¬ 
ministrative uses. As these buildings grew in size they created a uniquely new 
environment plagued with problems, primarily because of the great volume 
of air they enclosed. In addition, the by-products of the machinery required 
to make these buildings function also created problems. The requirements 
of air intake, heating, cooling and distribution, and elimination of by-products 
of human occupation and machinery created needs for massive ducting 
throughout the full height of the structures, which led to demands for build¬ 
ing designs that were large enough to accommodate the machinery neces¬ 
sary to make human occupation possible. (These included the seldom 
mentioned flush toilets, without which, skyscrapers would be uninhabitable.) 
However, the main criteria of these early buildings was not so much to 
eliminate pollutants created inside the building but to prevent infiltration of 
pollutants from outside. This was especially true for soot from burning coal 


Source: https://www.industrydocuments.ucsf.edu/docs/zqyxOOOO 


023383843 



used for industrial plants and residences. Initially, attempts were made to 
regulate the indoor climate by warming and cleaning intake air and then 
ducting it throughout the building. Outstanding examples of this new tech¬ 
nology are the Royal Victoria Hospi tal in Belfast, built in 1903, and the Larkin 
Administration Building in Buffalo, New York, built in 1906. From these 
pioneering efforts came the idea that to condition the indoor environment 
of a large building and to remove some of the sources of discomforts com¬ 
ing from outdoors, well tempered air must be provided indoors. These ini¬ 
tial attempts were further supported by the desire to eliminate the wells for 
lighting and ventilating the inside of buildings. These wells occupied space 
that could more profitably be used in commercial buildings for additional 
office space. 

It took the first half of the twentieth century to learn how to supply power 
to, and maintain these large office buildings. However, starting in the late 
1960’s, the buildings in the commercial districts of modem cities began to 
change. New buildings were erected that were sealed structures of great 
height that relied entirely on mechanical means to regulate their indoor en¬ 
vironments. Buildings that used operable windows for ventilation and cir¬ 
culating steam or hot water for heat were replaced by structures with ducted 
air that was centrally heated or cooled. Advancements in chemistry made 
possible the manufacturing of entirely new fabrics that were used to cover 
floors and walls, and construct furniture. Formaldehyde resins were used ex¬ 
tensively for particle boards from which furniture or wall panels were con¬ 
structed and in glues to affix carpets to the floors. A variety of machines were 
introduced, of which perhaps the most important, from an epidemiological 
perspective, are the photocopier and certain types of air conditioners. To 
clean the vast floor areas various carpet shampoos and industrial cleaners 
were used that sometimes left toxic residues. Filters were used to clean the 
air circulated by means of the ducting systems. At the same time, however, 
these filters and duct systems became breeding grounds for various types of 
organisms (as were some carpets). In short, the modem buildings provided 
conditions to create a complex ecological niche that became a possible source 
for human disease. 

CAUSES OF BUILDING ILLNESS 

Since the early 1970’s, occupants of hundreds of modem sealed office 
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buildings throughout North America have reported similar health and com¬ 
fort complaints (Berglund, 1984). These buildings are commonly refened to 
as "sick buildings" and the epidemic of complaints by the occupants of these 
buildings has been defined by the World Health Organization as "Sick Build¬ 
ing Syndrome" (WHO, 1982). Sick buildings are identified by a very high 
prevalence of specific health symptoms among the occupants which include: 
headache, eye problems (irritated* sore, dry, itching, or watering eyes), nasal 
problems (stuffy, runny, or irritated nose), throat problems (dry, sore, or ir¬ 
ritated throat), chest problems (chest tightness, difficulty breathing), fatigue 
and lethargy (including sleepiness and weakness), skin abnormalities (dry, 
itchy, or irritated skin), and problems maintaining concentration at work 
(Sterling, E, 1983; Hedge , 1984; Finnigan, 1984; Robertson, 1985). In four 
studies the incidence of "building illness" was found to be at least twice that 
in naturally ventilated buildings ( Turiel , 1983; Hedge, 1984; Finnigan, 1984; 
Robertson, 1985). It has also been suggested that other symptoms, such as 
skin rashes/irritation/dryness, nausea, dizziness, and respiratory problems 
(wheeze, shortness of breath, chest tightness) are characteristically more 
prevalent in sick buildings (WHO, \983\Stolwijk, \914\Hawkint>, 1985).Final- 
ly, there have been complaints in some buildings of increased spontaneous 
abortions. However, most of these complaints have been anecdotal; and be¬ 
cause of the difficulty of counting them, such abortions have not been verified. 

The effect of sick buildings on occupant health is demonstrated by the 
study of Sterling, E. and Sterling, T. (1983) of a group of office workers who 
moved from an old fashioned building with window ventilation and lighting 
to a modem sealed structure. Absentee data were supplied for a period of 
one year before and seven months after the study group moved into the new 
building. The percent of absent days was calculated for all staff members. 
The study group served as its own control, making possible the comparison 
of absentee prevalence before and after the move to the new enclosed struc¬ 
ture. Figure 1 shows the percentage of days absent for the study group begin¬ 
ning in August 1978 and ending in February 1980. The vertical solid line 
divides the graph into two parts, before and after the move. There is no trend 
in absenteeism before the move. Most weekly absences were below 3% and 
there were no absences at all for 40% of the weeks. The dotted line is the 
line of best fit resulting from fitting a linear equation to the data for the 
period of time prior to the move into the study building. The slope of this 
line is not significantly different from zero. The coefficient of determination 
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Figure I. Abieme* itU tc*ttet|t»m prt- ind port- occupincy of the study building 
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From Sterling and Suiting (1963)- 


(r 2 ) between absentee rate and time is 0.03 and the correlation coefficient 
(r) is -0.17, indicating that no increasing (or significantly decreasing) trend 
is apparent 

The solid line is the line of best fit of the data for the period of time 
after the move. The positive slope of 2.66 approximates the linear trend of 
absentee rates per week in the study building during initial occupancy. The 
r 2 in this case is 0.53 and r is .73 (p < .01). This significant trend clearly shows 
that absenteeism was increasing after the move into the new building. 

Figure 2 details the striking difference in specific complaints in a cross 
group comparison between a study and control group. The control group oc- 
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cupied a building with operable windows for ventilation and hot water for 
radiant heat 


SPECIFIC CAUSES OF BUILDING ILLNESS 

A number of studies of sick buildings have been able to isolate instan¬ 
ces where the cause of health symptoms could be isolated and eliminated by 


84 



Source: https://www.industrydocuments.ucsf.edu/docs/zqyxOOOO 


2023383847 




taking appropriate measures. Such examples contribute important informa¬ 
tion of how to prevent building wide epidemics. 

In 1982 my associates and I started to create an archive of reports of 
studies of sick buildings ( Collett, 1987). This archive now contains reports of 
almost 500 building studies conducted in North America (the majority are 
located in the U.S). These studies were completed by industrial hygienists 
and investigators working for the National Institute of Occupational Safety 
and Health ( NIOSH ) of the United States, the U.S. Center for Disease Con¬ 
trol, various municipal and state agencies, universities and other research 
centers. 

Here are some examples identified as contributing causes of building 
illness: 

Formaldehyde: From insulation ( Gunter , 1981; Fannie*, 1981) and offgasing 
from materials containing formaldehyde resins (Chrostek, 1981 \Konopinsfd, 
1980; Coy, 1982), 

Industrial cleaners: From the residues of industrial carpet shampoos ( Kreis, 
1981; Robertson, 1980). 

Solvents: From fresh ink on checks in poorly ventilated areas ( Thobum , 
1981) and printing solvents ( Gunter, 1981). 

Perchloroethylene: From the duct work of a dry cleaner. The gas travelled 
above the ceiling to other stores in the same complex ( Thobum, 1981). 

Fiber Glass: Disseminated through the ventilation system (Kreis, 1981). 

Ozone: (Shoemaker, 1977; Gunter, 1981). 

Automobile exhaust: Entered through the ventilation inlets (Nudetman, 
1979; Leiderman, 1982). 

Photocopiers: From a hot oil process, use of methyl alcohol (Prior, 1981; 
Apol, 1981 \Fanmck, 1980; Chrostek, 1981). 
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The causes of sick building syndrome are very often unclear. Usually, 
however, the health symptoms in such buldings can be resolved by increas¬ 
ing the fresh air supply (Salisbury, 1981; McManus, 1985; Chio, 1985). 

A summary of what is known about specific causes of sick building 
syndrome was provided by the U.S. National Center for Occupational Safety 
and Health ( NJOSH ) in 1984. The findings from 203 of NIOSH’s investiga¬ 
tions undertaken up to the end of 1983 were reviewed and tabulated by the 
Health Hazards Evaluation Branch of NIOSH ( Melius, 1984). Of these 203 
studies, 17.7% attributed the health symptoms to indoor air contamination 
(e.g., from sources such as industrial cleansers or photocopiers), 103% to 
outdoor air contamination (e.g., from misplaced air intake vents that would 
draw gasoline fumes from garages or bus stations), 3.4% to building con¬ 
tamination (e.g., offgasing of formaldehyde from wall panels, glues and resins 
in carpets, and furniture made from particle board), 403% to inadequate 
ventilation, 3% to hypersensitivity pneumonitis (often caused by the use of 
humidifiers), 2% to cigarette smoking, 4.4% to humidity, and 1% to noise 
and lighting. The remaining 10% of the studies did not find a cause for health 
symptoms. A review by Health and Welfare Canada (HWC) of 94 building 
studies gave similar results ( Kirkbride , 1985). In this review, 68% of the studies 
attributed the cause of health symptoms to inadequate ventilation (e.g., poor 
air circulation, inadequate fresh air intake, and poor temperature and 
humidity control) 10% to outdoor contaminants (e.g., motor vehicle exhaust 
entering the building), 5% to indoor contaminants (e.g., photocopy machines 
and tobacco smoke; the report does not state to what extent the cause of 
building illness was due to the use of copy machines or cigarette smoke), 2% 
to building gases (e.g., formaldehyde, organic glues and adhesives), and the 
remaining 15%to unknown sources. (Because of present concerns with*smok- 
ing, all NIOSH and HWC studies paid special attention to smoking as a pos¬ 
sible cause of sick buildings. It is of interest, therefore, that smoking was saic^ 
to be a major cause of complaint only in 2% to 5% of the sick building in-o 
vestigations. Removing the smoker entirely, then, may not affect health andfO 
comfort problems in 95% to 98% of sick buildings.) Co 

GO 

CO 

GO 
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BIOCHEMICAL SUBSTANCES 
IN MODERN BUILDINGS 


A wide range of substances have been measured inside modem office 
buildings. Some of these substances are known, and others are thought to be 
associated with various diseases. A summary of the measured substances was 
compiled by the U.S. Environmental Protection Agency and published in the 
Environment Protection Agency Indoor Air Quality Implementation Plan 
(1987) under the title "Common Indoor Pollutants, Their Sources and Known 
Health Effects" (EPA, 1987). (Because of its importance, this list is included 
as an APPENDIX.) 

In summary, the EPA table lists 73 common indoor pollutants that are 
known to be toxic, although not necessarily at the level of concentration found 
in most buildings. Of these 73 substances, 38 are attributable to building com¬ 
ponents and appliances, 26 by the evaporation of drinking water, 17 by out¬ 
door air, 16 by products used for cleaning and maintenance, 12 by tobacco 
smoke, and 9 by vehicles exhaust trapped in garages. Tobacco smoke was 
singled out by the Environmental Protection Agency because of its visibility. 
However, with the exception of nicotine and nicotine derivatives, almost all 
of the substances from tobacco smoke are also derived from a number of 
other sources. For example, carbon monoxide (CO), besides being present 
in tobacco smoke, is usually present in much greater quantities, or produced 
by, HVAC systems, garages, outdoor air and gas stoves; styrine also comes 
from furnishings and drinking water, benzene from garages and drinking 
water; methyl chloride from drinking water, pyridine from outdoor air; 
acetone from cleaners, waxes, adhesives, cosmetics and outdoor air;acroline 
from the combustion of various products (as are other substances such as 
formaldehyde or respirable particles); benzo(a)pyrene from automobile ex¬ 
haust and drinking water; and analine is a by-product from various activities. 
Sources, other than tobacco, are not given for methylamine and hydrazine. 
(This may be a result of too few measurements available for these two sub¬ 
stances, rather than a real absence of these substances from the combustion 
of materials other than tobacco.) 

In summary, the EPA list demonstrates that there are multiple sources 
for many chemicals and substances known, or thought, to be toxic. Because 
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there are so many alternative sources for most substances found in a build¬ 
ing, the best method to deal with indoor exposure to biochemicals is to dilute 
them by adding an adequate amount of fresh air. 


TOE INDOOR ECOLOGY 

* 

A general rule of ecology is that every spot capable of supporting life 
will be occupied by some form of life. This is just as true for the indoor en¬ 
vironment as it is for the Arctic Tundra. Countless substances, necessary to 
sustain life, are found indoors, especially in the ducts and ventilation system 
of a building and in all places where moisture may gather. Dusts, much of 
which contain both the staff of life and microbial and viral life itself, are 
brought into buildings through fresh air intake and on the clothing, hair and 
skin of building occupants and visitors. Some of the microorganisms can cause 
violent physiological reactions in humans. 

Perhaps the best known example of the possible virulence of indoor 
microbial life is Legionnaires' Disease. Legionnaires’ Disease, named after 
an explosive outbreak of pneumonia in a group of Legionnaires attending 
an American Legion convention in Philadelphia in 1976, is a pneumonia-like 
reaction to the Legionella Pneumonphilia bacterium. The bacterium requires 
the presence of certain algae, which usually grow in cooling towers at specific 
temperatures, for growth (Fraser, 1977). Pontiac Fever, named after a health 
department building in Pontiac, Michigan, U.S., in which the syndrome was 
first described, is a strain of Legionnaires’ Disease {Kaufman, 1981). Recur¬ 
rences of Legionnaires’ Disease and Pontiac Fever are documented from 
time to time, very often in hospitals, and are always connected with poor 
maintenance of cooling towers (Friedman, 1987; Garbe, 1985 \ConweU, 1982; 
Kaufmann, 1981; Fisher-Hoch, 1981). 

Legionnaires’ Disease, however, is just the tip of the iceberg. There are 
many places in a building in which infectious organisms (bacteria, viruses, 
fungi, mites) and pollen may flourish. As an example, my associates and 1 
reported allergic and infectious reactions caused by humidifier contaminants 
(/Arundel, 1986, see TABLE 1). In general, organic materials will flourish at 
all levels of relative humidity. Figure 3 describes the relationship between 
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TABLE 1. REPORTS Of ALLERGIES CAUSED BY HUMIDIFIER CONTAMINANTS 

•ubfectl 

Pf^neils 

Centaminent 

Confirmation 

11 ©*f»C* 
workers 

F aver .mala»se, 
chest tightness, 
polyuria 

Acenth amoeba ipp. 

Symptoms diuopeared 4 weeks after 
the humidification system corrected 

36 office 

Fever, chills, cough. 

Unknown, possibly 

No symptoms 6 months after 

workers 

dvvmee 

protozoa 

humidification system removed 

24 factory 

Extrinsic allergic 

PhialOphora tw . 

Precipitins to humidifier water. 

workers 

alveolitis 

Cephalosporium, 
Futerium, Gtiomastix 

symptoms ceased after alteration 
to system 

20 factory 
workers 

Fever, chills. 
dv«>nea 

Pseudomonas 
endotoxins in humidifier 

Not stated 

3 housewives 

Recurrent acute 
interstitial 
lung disease 

Thermoactinomyers in 
home humidifier 

Positive bronchial challenge to 
hemophiie 

1 mate 

Racurrant 

pneumonia 

Fungi end bectena in 
humidifier 

Challenge with vaporizer aerosol 
positive, pacific agent umpentified 

X female 

Recurrent 

hypersensitivity 

pneumonitis 

Thermotolerent bacteria 
in homt humidifier 

Positive bronchia* challenge, positive 
strum 

1 femate 

Hypersensitivity 

pneumonitis 

Unknown organisms in 
home humidifier 

Positive pulmonary challenge to 
humidifitT water, aM family members 
showed precipitin reactions 

1 female 

Hypersensitivity 

pneumonitis 

Cephalosporium in 
home humidifier 

Precipitins to antigens 

2 asthmatics 

Asthmatic episodes 

Veasi contaminated 
aerosols in humidifier 

Recurrent symptoms on re-exposure 

1 female 

Pneumonitis, 
recurrent chills 
fever, cough, 

dy«>nee 

Thermophilic 
aciinomyeetes in home 
humidifier 

Positive bronchi el challenge ?'^ 

C 

M 

CO 

1 male 

Hypersensitivity 

pneumonitis 

Thermoectinomycet 
vulgar it m console 
home humidifier 

Symptoms disappeared C J 

when humidifier removed, 
precipitating antibodies 

1 female 

From Arundel 

Hyper sensitivity 
pneumonitis 

etaM1M6k 

Thtrmoectinomycet 
vulgaris in humidifier 

Precipitins against agent Q0 

ca 

fO 
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the humidity and growth of various types of bacteria, viruses, fungi, and mites, 
respiratory infections, atopic reactions, chemical interactions, and ozone 
production. As one can see from this figure, the growth of organic materials 
is minimized if the relative humidity in a building is maintained between 40% 
and 60%. 
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CONCLUSION 

Modem office and public buildings create an indoor environment that 
is poorly understood and may be exceedingly hostile to occupants unless its 
hazards are clearly recognized. Because of the multiplicity of hazards and 
the chain of events that lead to physiological reactions in humans to con¬ 
taminated indoor environments, no single and/or simple solution(s) is avail¬ 
able. Adequate attention to ventilation and fresh air supply will eliminate or 
minimize many of the eye, throaty nose, and/or skin irritations caused by 
; . chemicals in the air by diluting them to a safe level. However, insofar as out¬ 
door air contains a large number of toxic pollutants, it should be dear that 
a well ventilated building may only be able to maintain outdoor levels of 
cleanliness. 

There are some instances, however, in which modem technology can 
improve and maintain the cleanliness of indoor air as compared to outdoor 
air. For instance, adequate filtering systems may remove much of the dust 
found outdoors and air conditioning and heating systems can adjust for 
climatic conditions. These technologies, however, need to be applied with a 
j full understanding of the possible effect that application might have on human 

j health. For example, while filters will remove unwanted dusts and respirable 

. particles from the outdoor air, such filters also offer a medium for growth 

for a variety of bacteria and other infectious agents. Therefore, filters should 
j be changed very frequently, which is abuildingmaintenance expense. Similar- 

j ly, aerosols from cooling towers need to be kept away from fresh air intakes 

j in buildings. This requires careful planning in the placement of these air 

vents. (In addition, fresh air intake vents should not be placed near street 
level or garages where they will take in exhaust from motor vehicles and ex¬ 
haust vents). 

Finally a working relationship needs to be established between build¬ 
ing engineers, architects, and epidemiologists. For instance, in studying a 
building with my associate, Elia Sterling (architect), we found that the high 
absentee rate and prevalence of irritation complaints was caused by the for¬ 
mation of indoor smog. A large amount of air was passed over high ultraviolet 
producing lighting fixtures. The impact of the high level of ultraviolet (UV) 
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light on the air stream was similar to that of the sun on outdoor pollutants. 
Ultraviolet light is a cause of outdoor smog in such cities as San Francisco 
or Los Angeles. Similar UV emissions can cause the formation of smog in¬ 
doors. We learned from this particular building that air vents should not be 
constructed to serve as lighting futures and high UV sunlight simulating 
fluorescent lighting should not be used (Sterling, E. & Sterling, T. 1983). We 
also learned that the epidemiology of sick buildings requires a multidiscipli¬ 
nary approach that should include architects, industrial hygienists and ven¬ 
tilation engineers. 
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This Foreword is not pert of this Suodard but b iododed for 
^formation purposes only. 

FOREWORD 

ASHRAE’s first ventilation standard was ASHRAE 
Standard 62*73* “Standard for Natural and Mechanical 
Ventilation’' (see Ref i). The sundard provided a prescrip¬ 
tive approach to ventilation by specifying both minimum 
and recommended outdoor air flow rates to obtain accept* 
able indoor air quality for a variety of indoor spaces. This 
sundard is still referenced in many building codes and was 
referenced by ASHRAE's first energy Standard, 90-75 
(see Ref ii), which specified use of the minimum outdoor 
air flow rates from 62-73* The revised energy sundard, 
90A-I980 (see Ref iii)* also took this approach. 

Under the normal five-year review cycle, the multi¬ 
disciplinary standards project committee appointed in 1978 
addressed the question of whether these minimum values 
could be defended under all conditions. The revised Stan¬ 
dard 62-1981, “Ventilation for Acceptable Indoor Air 
Quality” (set Ref. iv)* recommended outdoor air flow rates 
for smoking-permitted and for smoking-prohibited condi¬ 
tions in most spaces. The 1981 sundard also introduced an 
alternative air quality procedure to permit innovative, 
energy-conserving ventilation practices. The alternative 
procedure allowed the engineer to use whatever amount of 
outdoor air he deemed necessary if he could show- that the 
levels of indoor air contaminants were held below recom¬ 
mended limits. However* some of the users of Sundard 
62-1981 found the application of the different ventilation 
rates for smoking and nonsmoking areas confusing, and 
the recommended maximum concentration of formalde¬ 
hyde was challenged. For these reasons and in the light of 
rapidly changing technology, ASHRAE authorized an ear¬ 
ly review of Standard 62-1981 beginning in January 1983. 

This revised Standard reuins the two procedures for 
ventilation design, the Ventilation Rate Procedure and the 
Air Quality Procedure. The goals of achieving acceptable 
indoor air quality and of minimizing energy consumption 
appear to imply a compromise. An interdisciplinary com¬ 
mittee of engineers, architects, chemists, physiologists, 
product manufacturers, and industry represenutives has 


endeavored to achieve the necessary balance between 
energy consumption and indoor air quality in this Stan¬ 
dard. It must be recognized, however, that the conditions 
specified by this Standard must be achieved during the 
operation of buildings as well as in the design of the build¬ 
ings if acceptable indoor air quality is to be achieved. To 
fariliute this, the Sundard includes requirements for ven¬ 
tilation design documenution to be provided for system 
operation. The purpose of the Sundard is to specify mini¬ 
mum ventilation rates and indoor air quality that will be 
accepuble to human occupants and are intended to avoid 
adverse health effects. For substantive information on 
health effects, the Standard must rely on recognized 
authorities and their specific recommendations. Therefore, 
with respect to tobacco smoke and other contaminants, this 
Sundard does not* and cannot, ensure the avoidance of all 
possible adverse health effects, but it reflects recognized 
consensus criteria and guidance. 

The Appendices are not pan of this sundard but are 
included for information purposes only. 

Upon publication of this revised sundard, an adden¬ 
dum process will be initiated to update references to other 
sundards and government publications. 

References 

i. ASHRAE Standard 62-73 (ANSI B 194.1-1977), 
Standards for Naturaland Mechanical Ventilation. 
American Society of Heating, Refrigerating, and Air- 
Conditioning Engineers, Inc., Atlanta, GA. 1977* 

ii. ASHRAE Standard 90-75* Energy Conservation in 
New Building Design . American Society of Heating, 
Refrigerating, and Air-Conditioning Engineers, Inc., 
Atlanta, GA. 1975. 

iii. ANS1/A SHRA E/1ES Standard 90A-1980, Energy 
Conservation in New Building Design. American Societ y 
of Heating, Refrigerating, and Aii-Conditioning 
Engineers, Inc., Atlanta, GA. 1980* 

iv. ASHRAE Standard 62-1981, Ventilation for Accep¬ 
table Indoor Air Quality. American Society of Heating. 
Refrigerating, and Air-Conditioning Engineers, Inc., 
Atlanta, GA. 1981. 
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1. PURPOSE 

To specify minimum ventilation rates and indoor air 
quality that will be acceptable to human occupants and are 
intended to avoid adverse health effects. 

2. SCOPE 

This Standard applies to all indoor or enclosed spaces 
that people may occupy, occept where other applicable stan¬ 
dards and requirements dictate larger amounts of ventila¬ 
tion than this Standard. Release of moisture in residential 
kitchens and bathrooms, locker rooms, and swimming 
pools is included in the scope of this Standard. 

3. DEFINITIONS (see Fig. 1) 

absorption: the process of one substance entering into the 
inner structure of another. 

acceptable indoor air quality: air in which there are no 
known contaminants at harmful concentrations as deter¬ 
mined by cognizant authorities and with which a substan¬ 
tial majority (80 or more) of the people exposed do not 
express dissatisfaction. 

adsorption: the adhesion of a thin film of liquid or gases 
to the surface of a solid substance. 

mir<leaning system: a device ot combination of devices ap¬ 
plied to reduce the concentration of airborne contaminants, 
such as microorganisms, dusts, fumes, respirable panicles, 
other paniculate matter, gases, and/or vapors in air. 

air conditioning: the process of treating air to meet the 
requirements of a conditioned space by controlling its tem^ 
perature, humidity, cleanliness, and distribution; 

air, ambient: the air surrounding an object. 

air, exhaust: air removed from a space and not reused 
therein. 

air, makeup: outdoor air supplied to replace exhaust air 
and ex filtration. 

air, outdoor air taken from the external atmosphere and, 
therefore, not previously circulated through the system. 

mlr v recirculated: air removed from the conditioned space 
and intended for reuse as supply air. 

air, return: air removed from a space to be then recirculated 
or exhausted. 

air, supply: that air delivered to the conditioned space 
and used for ventilation, heating, cooling, humidification, 
or dehumidifjcaiion. 

air, transfer, the movement of indoor air from one space to 
another. 

air, ventilation: that portion of supply air that is outdoor 
air plus any recirculated air that has been treated for the 
purpose of maintaining acceptable indoor air quality. 

chemisorb: to take up and holdi usually irreversibly, by 
chemical forces. 

concentration: the quantity of one constituent dispersed in 
a defined amount of another (see Appendix A). 
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conditioned space: that part of a building that is heated or 
cooled, or both, for the comfort of occupants 

contaminant: an unwanted airborne constituent that may 
reduce acceptability of the air. 

dust: an air suspension of panicles (aerosol) of any solid 
material, usually with panicle size less than 100 microm¬ 
eters (^m). 

energy recovery ventilation system: a device or combination i 
of devices applied to provide the outdoor air for ventilation 
in which energy is transferred between the intake and 
exhaust airstreams. 

cxfiltrition: air leakage outward through cracks and in¬ 
terstices and through ceilings, floors, and walls of a space 
or building. 

fames: airborne panicles, usually less than 1 micrometer 
in size, formed by condensation of vapors, sublimation, 
distillation, calcination, or chemical reaction. 

gas: a state of matter in which substances exist in the form 
of nonaggregated molecules, and which^ within acceptable 
Limits of accuracy, satisfies the ideal gas laws; usually a 
highly superheated vapor. 

infiltration: air leakage inward through cracks and inter¬ 
stices and through ceilings, floors, and walls of a space or 
building. 

microorganism: a microscopic organism, especially a 
bacterium, fungus, or a protozoan. 

natural ventilation: the movement of outdoor air into a 
space through intentionally provided openings, such as 
windows and doors, or through nonpowered ventilators or 
by infiltration. 

occupied zone: the region within an occupied space be¬ 
tween planes 3 and 72 in. (75 and 1800mm) above the floor 
and more than 2 ft (600 mm) from the walls or fixed air- 
conditioning equipment (see ASHRAE Standard 55-1981, 
Ref.l) 

odor, a quality of gases, liquids, or panicles that stimulates 
the olfactory organ. 

oxidation: a reaction in which oxygen combines with 
another substance. 

particulate matter a state of matter in which solid or liquid 
substances exist in the form of aggregated molecules or par¬ 
ticles. Airborne paniculate matter is typically in the size 
range of 0.01 to 100 micrometers. 

plug flow: a flow regime where the flow is predominately 
in one direction and contaminants arc swept along with the 
flow. 

•moke: the airborne solid and liquid particles and gases that 
evol ve when a material undergoes pyrolysis or combustion. 
Note: chemical smoke is excluded from this definition. 

total suspended particulate mailer the mass of panicles 
suspended in a unit of volume of air when collected by a 
high-volume air sampler. 

respirable particles: respirable panicles are those that 
penetrate into and are deposited in the conciliated portion 
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of the lung. Panicles greater than 10 micrometers aerody¬ 
namic diameter are not respirable. 

vapor: a substance in gas form, particularly one near 
equilibrium with its condensed phase, which does not obey 
the ideal gas laws; in general, any gas belbw its critical 
temperature. 

ventilation: the process of supplying and removing air by 
nat ural or mechanical means to and from any space Such 
air may or may not be conditioned. 

4. CLASSIFICATION 

This Standard specifies alternative procedures to ob¬ 
tain acceptable air quality indoors: 

4.1 Ventilation Rate Procedure: Acceptable air quality is 
achieved by providing ventilation air of the specified quality 
and quantity to the space (see 6.1). or 

4.2 Indoor Air Quality Procedure: Acceptable air quality 
is achieved within the space by controlling known and 
specifiable contaminants (see 6.2). 

Whenever the Ventilation Rate Procedure is used, the 
design documentation should clearly state that this method 
was used and that the design will need to be re-evaluated 
if, at a later time, space use changes occur or if unusual 
contaminants or unusually strong sources of specific con¬ 
taminants are to be introduced into the space. I f such con¬ 
ditions are known at the time of the original design, the use 
of the Indoor Air Quality Procedure may be indicated. 

The Indoor Air Quality Procedure could result in a 
ventilation rate lower than would result from the first pro¬ 
cedure, butthe presence of a particular source of contam¬ 
ination in the space may result in increased ventilation 
requirements. Change in space use, contaminants, or opera¬ 
tion may require a re-evaluation of the design and imple¬ 
mentation of needed changes. 

5. SYSTEMS AND EQUIPMENT 

5.1 Ventilating systems may be mechanical or natural. 
When mechanical ventilation is used, provision for air flow 
measurement should be included. When natural ventilation 
and infiltration are relied upon, sufficient ventilation shall 
be demonstrable When infiltration and natural ventilation 
are insufficient to meet ventilation air requirements, 
mechanical ventilation shall be provided. The use of energy 
recovery ventilation systems should be considered for 
energy conservation purposes in meeting ventilation 
requirements. 

5.2 Ventilating systems shall be designed and installed so 
that the ventilation aiT is supplied throughout the occupied 
zone. The design documentation shall suit assumptions 
that were made in the design with respect to ventilation rates 
and air distribution. 

S3 Ventilating systems shall be designed and installed so 
that they do not cause conditions that conflict with 
ASHRAE Standard 55-1981, "Thermal Environmental 
Conditions for Human Occupancy” (Ref. 1). 

5.4 When the supply of air is reduced during times the 
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space is occupied (e.g., in variable-air-volume systems), 
provision shall be made to maintain acceptable indoor air 
quality throughout the occupied zone. 

55 Ventilating systems should be designed to prevent re- 
entrainment of exhaust contaminants, condensation or 
freeze-ups (or both), and growth of microorganisms. 
Makeup air inlets and exhaust air outlets shall be located 
to avoid contamination of the makeup air. Contaminants 
from sources such as cooling towers, sanitary vents, vehic¬ 
ular exhaust from parking garages, loading docks, and 
street traffic should be avoided. This is a special problem 
in buildings where suck effect draws contaminants from 
these areas into the occupant space. Where soils contain 
high concentrations of radon, ventilation practices that 
place crawlspaces, basements, or underground ductwork 
below- atmospheric pressure will tend to increase radon 
concentrations in buildings and should be avoided (see 
Appendix C). 

5.6 Ventilating ducts and plenums shall be constructed 
and mainuined to minimize the opportunity for grownh 
and dissemination of microorganisms through t he ventila¬ 
tion system; Construction also shall comply with applicable 
standards such as NFPA 90A, 90B, and SMACNA (Refs. 
2 - 6 ). 

5.7 Contaminants fronvstationary local sources within 
the space shall be controlled by collection and removal as 
close to the source as practicable. (See Ref 7, "Industrial 
Ventilation—Manual of Recommended Practice!’) 

S3 Fuel-burning appliances, including fireplaces located 
indoors, shall be provided with sufficient air for combus¬ 
tion and adequate removal of combustion products. When 
infiltration supplies all or pan of the combustion air, the 
supply rate of air shall be demonstrable (Appendix B shows 
one method of demonstrating adequate combustion air). 
The operation of clothes dryers and exhaust fans may re¬ 
quire introduction of additional makeup air to avoid inter¬ 
ference with fuel-burning appliances. Combustion system, 
kitchen, bathroom, and clothes dryer vents shall not be 
exhausted into attics, crawlspaces, or basements. 

5.9 Airborne particulate contaminants vary in size, as 
shown in Fig. 2. Microorganisms, dusts, fumes, smoke, and 
other particulate matter may be captured by air filters. 
Many bacteria (99*H exceed 1 micrometer in size) are 
attached to larger particles such as human skin flakes. 
Viruses generally occur in clusters or in and on other par¬ 
ticles. Lung-damaging panicles that may be retained in the 
lungs are 0.2 to 5 micrometers in size (sec Fig. 2). When it 
is necessary to remove particulate contaminants, air Alters 
or dust collectors should be used. Dust collectors, not air 
filters, should be used where the dust loading equals or 
exceeds 10 mg/m 5 (4 grains/1000 ft 5 ). Air filters and dust 
collectors shall be selected for the particle size and loading 
encountered; Filters shall be tested in accordance with 
ASHRAE Standard 52-76 (Ref 8) or MIL Sid 282 (Ref 9). 
Dust collectors may be wet, dry, or electrostatic as required 
by particle size and loading (see Table 1, Chapter 11, 
ASHRAE Handbook—1983 Equipment Volume (Ref 10) 
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5.10 When compliance with this section does not provide 
adequate control of gaseous contaminants, methods based 
on sorption with or without oxidation or other scientifi¬ 
cally proven technology shall be used. Such methods may 
be tailored to deal with a specific contaminant. A com¬ 
monly used sorbent is activated carbon. The selection of 
gaseous contaminant control equipment for recirculation 
systems must consider the concentration, toxicity, annoy¬ 
ance, and odor properties of the contaminants present and 
the levels to which these must be reduced to be effective in 
maintaining air quality The performance of gaseous con¬ 
taminant removal devices often depends strongly on the 
physical land chemical propenies of the individual contami¬ 
nants present, on the temperature and humidity of the air, 
on the air velocity through the device, and its loading 
capacity. 

5.11 High humidities can suppon the growth of patho¬ 
genic or allergenic organisms (see Ref 20)^ Examples in¬ 
clude cenain species of fungi, associated mycotoxins, and 
dust mites. This growth is enhanced by the presence of 
materials with high cellulose, even with low nitrogen con¬ 
tent^ such as fiberboard, dust, lint; skin panicles, and 
dander. Areas of concern include bathrooms and bed¬ 


rooms. Therefore, bathrooms shall conform to the ventila¬ 
tion rates in Table 2.3. Relative humidity in habitable spaces 
preferably should be maintained between 30% and 60% 
relative humidity (see Ref 11) to minimize growth of aller¬ 
genic or pathogenic organisms. 

5.12 Microbial contamination in buildings is often a func¬ 
tion of moisture incursion from sources such as stagnant 
water in HVAC air distribution systems and cooling towers. 
Air-handling unit condensate pans shall be designed for 
self-drainage to preclude the buildup of microbial slime. 
Provision shall be made for periodic in-situ cleaning of 
cooling coils and condensate pans. Air-handling and fan 
coil units shall be easily accessible for inspection and 
preventive maintenance. Steam is preferred as a moisture 
source for humidifiers, but care should be exercised to avoid 
contamination from boiler water or steam supply additives. 
If cold water humidifiers are specified, the water shall 
originate from a potable source, and, if recirculated, the 
system will require frequent maintenance and blow-down: 
Care should be exercised to avoid paniculate contamina¬ 
tion due to evaporation of spray water. Standing water used 
in conjunction with water sprays in HVAC air distribution 
systems should be treated to avoid microbial buildup. If the 
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relative humidity in occupied spaces and low velocity duels 
and plenums exceeds 70°7o, fungal contamination (for ex¬ 
ample, mold, mildew, etc.) can occun Special cart should 
be taken to avoid entrainment of moisture drift from cool¬ 
ing towers into the makeup air and building vents. 

6 . PROCEDURES 

Indoor air quality is a function of many parameters 
including outdoor air quality, the design of enclosed spaces, 
the design of the ventilation system, the way this system is 
operated and maintained, and the presence of sources of 
contaminants and the strength of such sources. This Stan¬ 
dard deals with the design of a ventilation system as it is 
affected by all these factors, so that an acceptable level of 
indoor air quality can be provided. Design documentation 
shall clearly state which assumptions were used in the 
design so that the limits of the system in removing contam¬ 
inants can be evaluated by others before the system is 
operated in a different mode or before new- sources are 
introduced into the space. 

Indoor air should not contain contaminants that ex¬ 
ceed concentrations known to impair health or cause 
discomfort to occupants. Such contaminants include 
various gases, vapors, microorganisms, smoke, and other 
paniculate matter. These may be present in makeup aiT or 
be introduced from indoor activities, furnishings, building 
materials, surface coatings, and air-handling and air treat¬ 
ment components. Deleterious factors include toxicity, 
radioactivity, potential to induce infection or allergies, 
irritants, extreme thermal conditions, and objectionable 
odors. 

The Ventilation Rate Procedure (6.1) provides one way 
to achieve acceptable air quality; This procedure prescribes 
the rate at which ventilation air must be delivered to a space 
and various means to condition that air. The ventilation 
rates inTable 2 are derived from physiological considera¬ 
tions, subjective evaluations, and professional judgments 
(see Refs 12-18). 

The Indoor Air Quality Procedure (6.2) provides an 
alternative performance method for achieving acceptable 


TABLE 1 

Nation*] Primary Am blent-Air Quality Standards 
for Outdoor Air as Set by the 
US. Environmental Protection Afency (Ref 19) 

LoUtem_ Sfcorttmp 


Contmlniat Concentration Avenging Concentration Avenging 
_ng/m* ppm _ ng/a 1 _ 


Sulfur dioxide 

10 

003 

1 year 

365 

0.14 

24 hours 

Tbtij Paniculate 

75* 

— 

1 year 

260 

— 

24 hours 

Carbon monoxide 




40,000 

33 

1 hour 

Carbon mooosode 




10,000 

9 

• hours 

Chodinu (ozone) 




235* 

0.12* 

1 hour 

Nitrogen diontie 

too 

0055 

ly«ar 




Lead 

1.3 

— 

1 months' 






knaJ hourly nveri^ cotMxctmiotn ■bo* 012 ppeo (2J5 *qu&] to or ku 

Chart 1, ai determined by Appendia H 10 mbchatpur C, 40CFX 50 


* Tfcmr-atooih period it a calendar quarter. 
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air quality. This procedure uses one or more guidelines for 
the specification of acceptable concentrations of certain 
contaminants in indoor air but does not prescribe venti¬ 
lation rales or air treatment methods. 

6.1 Ventilation Rate Procedure: This procedure prescribes: 

* the outdoor air quality acceptable for ventilation 

* outdoor air treatment when necessary 

* ventilation rates for residential, commercial, institu¬ 
tional, vehicular, and industrial spaces 

* criteria for reduction of outdoor air quantities when re¬ 
circulated air is treated by contaminant-removal equipment 

* criteria for variable ventilation when the air volume in the 
space can be used as a reservoir to dilute contaminants. 

6.1.1 Acceptable Outdoor Air. This section describes 
a three-step procedure by which outdoor air shall be evalu¬ 
ated for acceptability: 

Step 1: Contaminants in outdoor air donot exceed the 
concentrations listed in Table 1 as determined by one of the 
following conditions: 

(a) Monitoring data of government pollution ^control 
agencies, such as the U.S Environmental Protection Agen¬ 
cy (EPA) or equivalent state or local environmental!pro¬ 
tection authorities, show that the air quality of the area in 
which the ventilating system is located meets the require¬ 
ments of Table 1. Conformity of local air to these standards 
may be determined by reference to the records of local 
authorities or of the National Aerometric Data Bank, 
Office of Air Quality Planning and Standards, EPA, Re¬ 
search Triangle Park, NC 27711, or 

(b) The ventilating system is located in a community 
similar in population, geographic and meteorological set¬ 
tings, and industrial pattern to a community having accept¬ 
able air quality as determined by authorities having 
jurisdiction; or 

(c) The ventilating system is located in a community 
with a population of less than 20,000 people, and the air is 
not influenced by one or more sources that cause substan¬ 
tial contamination, or 

(d) Air monitoring for three consecutive months, as re¬ 
quired for inclusion in the National Aerometric Data Bank, 
shows that the air quality meets or exceeds the requirements 
of Table 1 (as specified in Ref 19). 

Step 2: If the outdoor air is thought to contain any 
contaminants not listed inThble 1, guidance on acceptable 
concentration levels may be obtained by reference to Ap¬ 
pendix C. 

Outdoor air requirements for wntilation of industrial 
building occupancies not listed in Tkble 2 may be deter¬ 
mined by procedures presented in 1986 Industrial Venti¬ 
lation—A Manual of Recommended Practice, 1986 ed., 
published by the American Conference of Governmental! 
Industrial Hygienists (ACGIH) (Ref 7). 

Step 3: If after completing steps 1 and 2 there is still a 
reasonable expectation that the air is unacceptable, sam¬ 
pling shall be conducted in accordance with NIOSH pro- 
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TABLE 2 

OUTDOOR AIR REQUIREMENTS FOR VENTILATION* 
COMMERCIAL FACILITIES (office*, rtortt, ttiops, hotels, tponi ftcUititt) 


Applies tiOB 


Estimated Maximum** 
Occupancy 
F/1000 fr or ItO nr 


Outdoor AJf Reguirepeats 


cfm/ 

person 


U% 

person 


cfm/ft* 


U% 


Com menu 


Dry Ckaarrs, Laundries 

Commercial laundry 

10 

25 

13 

Commercial dry cleaner 

50 

50 

15 

Storage, pick up 

50 

35 

18 

Coin-operatedlaundries 

20 

15 

8 

Coin-operated dry cleaner 

20 

15 

8 

Food and Beverage Sendee 

Diningrooms 

70 

20 

10 

Cafeteria, fast food 

100 

20 

10 

Ban, cocktail lounges 

100 

30 

IS 

Kitchens (cooking) 

20 

15 

8 


Gsrt|n, Repair, Servlet Stations 
Enclosed parkin* gingt 
Auto repair rooms 


Hotels, Motels, Resorts, Dormitories 

Bedrooms 
Living rooms 
Baths 
Lobbies 

Conference rooms 
Assembly rooms 
Dormitory sleeping areas 


Gambling casinos 

Offices 
Offset space 
Reception areas 
Telecommunication centers 
and data entry areas 
Conference rooms 

PabUc Spaces 
Corridors and utilities 
Public restrooms, cfm/wc 
or urinal 

Locker and dressing rooms 
Smoking lounge 


Elevators 


Dry^leaning processes ma> require 
more air. 


1.50 

1.50 


7.3 

7J 


Supplementary smoke-removal 
equipment may be required. 

Makeup air for bood exhaust may 
require more ventilating air The 
sum of the outdbor air and 
transfer air of acceptable quality 
from adjacent spaces shall be suf¬ 
ficient to provide an exhaust Tate 
of not less than 1.5 cfm/ft * (7:5 
L/s-m 1 ). 

Distribution among people must 
consider worker location and con¬ 
centration of running engines; 
stands where engines are run must 
incorporate systems for positive 
engine exhaust withdrawal. Con¬ 
taminant sensors may be used to 
control ventilation. 





cfm/room 

L/s*room 

Independent of room sire 




30 

15 





30 

15 





35 

18 

Installed capacity for intermittent use 

30 

15 

8 




50 

20 

10 




120 

15 

8 




20 

15 

8 



Set alio food and beverage sen ices, 
merchandising, barber and beaut) 
shops, garages. 

120 

50 

15 



Supplementary smoke-removal 
equipment may be required. 

7 

20 

10 



Some office equipment may 

60 

15 

8 



require local exhaust. 

60 

20 

10 




50 

20 

10 

cfB/n’ 

LA-»’ 

Supplementary smoke-rtmoval 
equipment may be required. 




0.05 

0.25 



50 

25 

CL5 

2.5 

Mechanical exhaust with do 
ledrculaiiOD is recommended. 

70 

60 

50 



Normally supplied by transfer air, 
local mechanical exhaust; with no 
recirculation recommended. 




LOO 

5.0 

Normally supplied by transfer air. 


■ %bte 2 prescribes supply ruts of acceptable outdoor air rnquirad for attipubk 
Indoor air qualiryThat value* have b*n> chosen to control CO s and other coo- 
taaunaots with an adequaie margin of safety and to account for bcahh tahuiou 


among people wied activity level*, and a moderate amount of poking Ranoaal 
of COj control ii presented in Appendix D. 

•*Na occupiabk space. 


cedures (see Refs 21 and 22). Local and national perometric 
dm banks may contain information on some unregulated 
pollutants. Finally, acceptable outdoor air quality should 


be evaluated using the def nition for acceptable indoor air 
quality in Section 3. 
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TABLE 2 

OUTDOOR AIR REQUIREMENTS FOR VENTILATION* (Continu'd) 

2.1 COMMERCIAL FaCTLITIES (office rtortt. Uiopt, botelt, tports facilities) 


Estimated Maximum** 


Outdoor Air Requirements 



Application 

Occupancy 

dm/ 

L/** 

dm/ft* 

L/s-m 1 

Comments 

r/lOOQTt or IOC m 

person 

person 



Retail Stores, Sales Floors, and 
Show Room Floors 

Basement and street 

30 



0.30 

1.50 


Upper floors 

20 



0j20 

1.00 


Storage rooms 

15 



0.15 

0.75 


Dressing rooms 




0.20 

1.00 


Malls and arcades 

20 



0.20 

1.00 


Shipping and receiving 

10 



0.15 

0.75 


Nuthouses 

5 



0.05 

0:25 


Smoking lounge 

70 

60 

30 



Normally supplied by transfer air, 
local mechanical exhaust, exhaust' 







with no recirculaiion recommended. 

Specialty Shops 

BarbeT 

25 

15 

8 




Beauty 

25 

25 

13 




Reducing talons 

20 

15 

8 




Florists 

8 

15 

8 



Ventilation to optimize plant growth 
may dicute requirements 

Ooihiers, furniture 

Hardware, drugs, fabric 

8 

15 

8 

0.30 

1.50 


Supermarkets 

Pet shops 

8 

15 

8 

1.00 

5.00 


Sports and Amusement 
Spectator areas 

150 

IS 

8 



When imemal combustion engines 

Game rooms 

70 

25 

13 



are operated for maintenance of 

Ice arenas (playing areas) 




0.50 

2:50 

playing surfaces, increased veniila- 
lion rates may, be required. 

Swimming pools (pool and 






Higher values maybe required for 

deck area) 




0.50 

2.50 

humidity control: 

Playing floors (gymnasium) i 

30 

20 

10 




Ballrooms and discos 

100 

25 

13 




Bowling alleys (seating 
areas) 

70 

25 

13 




Theaters 






Special ventilation willlbc needed: 

Ticket booths 

60 

20 

10 



to eliminate special suge effects 

Lobbies 

150 

20 

10 



(tg., dry ice vapors, mists, etc.)■ 

Auditorium 

150 

15 

8 




Stages, studios 

Transportation 

70 

15 

8 



Ventilation within vehicles may 

Uniting rooms 

100 

15 

8 



require special considerations. 

Platforms 

100 

15 

8 




Vehicles 

150 

15 

8 




Workroom* 

Meat processing 

10 

15 

1 



Spaces maintained at low tempera¬ 
tures (-I0 *F to ♦ 50 *F, or - 23 *C 
to + 1C *C) are not cowed by 
these requirements unless the occu¬ 
pancy is continuous. Ventilation 
from adjoining spaces is permini- 
bit When the occupancy is inter¬ 
mittent, infiltration will normally 
exceed the ventilation requirement, 
(Set Ref 18) 


• Tkbk 2 prescribe* supply rate* of accepubk outdoor air required for acceptable 
Indoor air qualify The** value* hw bees chosen to control 00, and other coin 
ttninanu with an adequate margin of —Jay and to accouai for beahb variations 


anoat people, vnnad activity kvrk. a&d * moderate amount of racking lUiional 
Of GO, control u presented ia Appendix D. 

•♦Net occopiabk space. 


N 


6.1.2 Outdoor Air Tmitroeot. If the outdoor air con¬ 
taminant leveh exceed the values given in 6.U (Tkble 1), the 
air should be treated to control the offending contaminants. 
Air-cleaning systems suitable for the particle size en¬ 
countered should be used. For removal of gases and vapors, 
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appropriate air-cleaning systems should be used. Where the 
best available, demonstrated; and proven technology does 
not allow for the removal of contaminants, the amount of 
outdoor air may be reduced during periods of high con¬ 
taminant levels, such as those generated by rush-hour 
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TABLE 2 

OUTDOOR AIR REQUIREMENTS FOR VENTILATION* (Concluded) 

2.1 COMMERCIAL FACILITIES (officts, ftorty riiopt. boltls, tportt UcUlUfs) 


Application 


Estimated Maximum** 
Occupancy 
P/1000 fr or loo m* 


Qaldoor Air Rag alrt manta 


cfm/ 

person 


L/»* 

person 


dm/ft' L/s* 


Comments 


Photo studios 

10 

15 

8 

0,50 

2.50 

Darkrooms 

JO 

15 


Pharmacy’ 

20 

8 



Bank vaults 

Duplicating, printing 

5 

15 

8 

050 

250 


12 INSTmTIONAL FACILITIES 


Installed equipment must incorpo¬ 
rate positive exhaust and control 
(as required) ofiundesirable con¬ 
taminants (toxic or otherwise).' 


Education 

Classroom 

50 

15 

8 

Laboratories 

30 

20 

10 

Training shop 

30 

20 

10 

Music rooms 

50 

15 

8 

Libraries 

20 

15 

8 

Locker rooms 

Corridors 

Auditoriums 

150 

15 

8 

Smoking lounges 

70 

60 

30 

Hospitals, Nursing and 
CoBVftlrtctm Homes 

Patient rooms 

10 

25 

13 

Medical procedure 

20 

15 

8 

Operating rooms 

20 

30 

15 

Recovery and ICU 

20 

15 

8 

Autopsy rooms 

Physical Therapy 

20 

15 

8 

Correctional Facilities 

Cells 

20 

20 

10 

Dining halls 

100 

15 

8 

Guard stations 

40 

15 

8 


0.50 

0.10 


2.50 

0-50 


0.50 


2.50 


Special contaminant control 
systems may be required for 
processes or functions including 
laboratory am mail occupancy 


Normally supplied by transfer air 
Local mechanical exhaust with no 
recirculation recommended 

Special requirements or codes and 
pressure relationships may deter¬ 
mine minimum ventilation rates 
and filter efficiency Procedures 
generating contaminants may 
require higher rates. 

Air shall not be recirculated into 
other spaces 


• Tkbk 2 prescribes lupply rmie* of accept able outdoor air required for accrpublt 
indoor air,quality These viJues have been chosen to control C0 2 and other con 
iimmin ii with an adequate margin of safety and to account for healt h vanations 


among propk, vmned activity kvek and • modem* amount of Bnokmg Rationale, 
for COj control u presented in Appendix D. 

••NCt occupiable space. 


traffic. The need to control offending contaminants may 
depend on local regulations that require specific control 
measures. 

i.l 3 Ventilation Requirements. Indoor air quality 
shall be considered acceptable if the required rates of 
acceptable outdoor air in Tkble 2 are provided for the oc¬ 
cupied space. 

Exceptions: 

1. Where unusual indoor contaminants or sources are 
present or anticipated, they shall be controlled at the source 
or the procedure of 6 2 shall be followed. 

2. For those areas within industrial facilities not 
covered by Tfcblc 2, refer to TLVs —Threshold Limit Values 
end Biological Exposure Indicts for 1986-87 V American 
Conference of Governmental Industrial Hygienists (Ref 
23). 

Ifcble 2 lists the required ventilation rates in cfm (L/s) 
per person or cfm/ft 5 (L/s*m*) for a variety of indoor 
spaces. In most cases, the contamination produced is prt- 
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sumed to be in proportion to the number of persons in the 
space In other cases, the contamination is presumed to be 
chiefly due to other factors and the ventilating rates given 
are based on more appropriate parameters. Where appro¬ 
priate, the table lists ibe estimated density of people for 
design purposes. 

Where occupant density differs from that in Table 2, 
use the per occupant ventilation me for the anticipated 
occupancy load. The ventilation rates for specified occu¬ 
pied spaces listed in Tkblc 2 were selected to reflect the com 
sens us that the provision of acceptable outdoor air at these 
rates would achieve an acceptable level of indoor air quality 
by reasonably controlling CO a * particulates, odors, and 
other contaminants common to those spaces. (Appendix 
D shows the outdoor air needed to control occupant¬ 
generated COj under various conditions.) 

Human occupants produce carbon dioxide, water 
vapor, particulates, biological aerosols, and other con¬ 
taminants. Carbon dioxide concentration has been widely 
used as an indicator of indoor air quality. Comfort (odor) 
criteria are likely to be satisfied if the ventilation rate is 
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TABLE 2-3’ 

OUTDOOR REQUIREMENTS FOR VENTILATION OF RESIDENTIAL FACILITIES 

, it r: i. \ 


Applications 

Outdoor Requirement I 

Comments 

Living areas 

0.35 air changes per hour but not 
less than 15 cfm p.5 L/i) per person 

For calculating the air changes per hour, the volume of the living spaces shall include all 
areas within the conditioned space The ventilation is normally satisfied by infiltration and 
natural ventilation Dwellings with tight enclosures may require supplemental ventilation 
supply for fuel-burning appliances, including fireplaces and mechanically exhausted appliances 
Occupant loading shall be based on the number of bedrooms as follows: first bedroom, two 
persons; each additional bedroom, one person. Where higher occupant loadings are known, 
they shall be used. 

Kitchens* 

100 cfm (50 L/s) intermittent or 25 
cfm (12 L/s) continuous or openable 
windows 

Installed mechanical exhaust capacity' Climatic conditions may affect choice of the ventila¬ 
tion system. 

Baths. 

Toilets* 

Garages: 

50 cfm (25 L/s) intermittent or 20 
cfm (10 L/t) continuous or openable 
windows 

installed mechanical exhaust capacity' 

Separate for 
each dwell* 
ing unit< 

100 cfm (50 L/s) peT car 

Normally satisfied by infiltration or natural ventilation 

Common for 
aeveral units 

1.5 cfm/ft 3 (7.5 L/s-m 3 ) 

See “Enclosed parking gartgesr Table 2.1 


* In usin| ihii tabic, the outdoor air it assumed to be acceptable 

* Climatic condition! ma> affect choice of ventilation option chosen 

* The Air exhausted from kitchens, bath, and toikr rooms may utilize air supplied 


through adjacent kmn| areas to compensate for the air exhausted The air supplied 
Khali meet ihe requirements of ohausi systems as described in 5.1 and be of suffii 
bent quantities to men the requirements of this lablt 


sct so that 1000 ppm C0 2 is not exceeded. In the event C0 2 
is controlled by any method other than dilution, the effects 
of possible elevation of other contaminants must be com 
sidered (see Refs 12-18). 

6.1.3.1 Multiple Spaces. Where more than one space 
is served by a common supply system^ the ratio of outdoor 
to supply air required to satisfy the ventilation and thermal 
controlirequirements may differ from space to space. The 
system outdoor air quantity shall then be determined using 
Equation 6-1 (see Refs 24 and 25). 

Y « X/\\ + X - Z] ( 6 - 1 ) 

where 

Y « VJV w «= corrected fraction of outdoor air in 
system supply 

X * Vo*/V p « uncorrected fraction of outdoor air in 
system supply 

Z m V m /V K « fraction of outdoor air in critical space. 

The critical space is that space with the 
greatest required fraction of outdoor 
air in the supply to this space. 

V" * corrected total outdoor air flow rate 
V m « total supply flow rate, i*:, the sum of all supply 
for all branches of the system 
V m m *um of outdoor air How rates for all branches on 
system 

V m « outdoor air flow rate required in critical spaces 
V m « supply How rate in critical space 

Equation 64 is plotted in Fig. 3. The procedure is as 
follows: 

1. Calculate the uncorrected outdoor air fraction by 
dividing the sum of all the branch outdoor air requirements 
by the sum of all the branch supply flow rates. 


2. Calculate the critical space outdoor air fraction by 
dividing the critical space outdoor air requirement by the 
critical space supply flow rate. 

3. Evaluate Equation 64 or use Fig. 3 to find the cor¬ 
rected fraction of outdoor air to be provided in the system 
supply 

Rooms provided with exhaust air systems, such as 
kitchens, baths, toilet rooms, and smoking lounges, may 
utilize air supplied through adjacent habitable or occu* 
piable spaces to compensate for the air exhausted. The air 
supplied shall be of sufficient quantity to meet the require¬ 
ments of Table 2. In some cases, the number of persons can¬ 
not be estimated accurately or varies considerably. In other 
cases, a space may require ventilation to remove contamina¬ 
tion generated within the space but unrelated to human 
occupancy (e.g., outgassing from building materials or 
furnishings). For these cases. Table 2 lists quantities in 
cfm/ft 3 (L/s*m 3 )or an equivalent term. If human carcino¬ 
gens or other harmful contaminants are suspected to be 
present in the occupied space, other relevant standards or 
guidelines (e.g., OSHA, EPA) must supersede the ventila¬ 
tion rate procedure. 

When spaces are unoccupied, ventilation is not gen¬ 
erally required unless it is needed to prevent accumulation 
of contaminants injurious to people, contents, or structure. 
Design documentation shall specify all significant assump¬ 
tions about occupants and contaminants. 

6.1.3.2 RedrculatioD Criteria. The requirements for 
ventilation air quantities given in Thble 2 are for 100^* out¬ 
door air when the outdoor air quality meets the specifica¬ 
tions for acceptable outdoor air quality given in 6.1.1. While 
these quantities are for 100*7« outdoor air, they also set the 
amount of air required to dilute contaminants to acceptable 
levels. Therefore, it is necessary that at least this amount of 
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mir be delivered to the conditioned space at all times the 
building is in use except as modified in 6.1.3.4. 

Properly cleaned air may be recirculated. Under the 
ventilation rate procedure, for other than intermittent 
variable occupancy as defined in 6.1.3.4, outdoor air flow 
rates may not be reduced below the requirements in Table 
2. If cleaned, recirculated air is used to reduce the outdoor 
air flow rate below the values shown in Thble 2, the Air 
Quality Procedure, 6.2, must be used: The air-cleaning 
system for the recirculated air may be located in the recir¬ 
culated air or in the mixed outdoor and recirculated 
airstream (see Fig. 1). 

The recirculation rate for the system is determined by 
the air-cleaning system efficiency. The recirculation rate 
must be increased to achieve full benefit of the air-cleaning 
system. The air-cleaning used to clean recirculated air 
should be designed to reduce particulate and, where 
necessary and feasible, gaseous contaminants. The system 
shall be capable of providing indoor air quality equivalent 
to that obtained using outdoor air at a rate specified in 
Table 2. Appendix E may be referenced for assistance in 
calculating the air flow requirements for commonly used 
air distribution systems. 

6.1JJ Ventilation Effectiveness, E,: Outdoor air 
for controlling contaminant concentration can be used 
for dilution or for sweeping the contaminants from their 
source. The values in Table 2 define the outdoor air need¬ 
ed in the occupied zone for well-mixed conditions (ven¬ 
tilation effectiveness approaches 100°7o). The ventilation 
effectiveness is defined by the fraction of the outdoor air 
delivered to the space that reaches the occupied zone. 

Ventilation effectiveness may be increased by creating 



Fig. 3 Ventilation Reduction in Multipie Spaces Supplied from 
a Common Source 
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a plug flow situation. If the flow pattern is such that the 
ventilation air flows past the contaminant source and 
sweeps the contaminant toward an exhaust, the contami¬ 
nant concentration in the exhaust can be greater than that 
for the well-mixed condition* Ventilation effectiveness can 
then be greater than that which would be realized with 
perfect mixing. Local exhaust systems operate in this way. 
With perfect mixing between the ventilation air and the 
air in a space, ventilation effectiveness is lOO^t. With per¬ 
fect mixing, E v * 1.0. It is, however, not uncommon to 
find some of the ventilation air bypassing the occupants 
(moving from supply to exhaust without fully mixing in the 
occupied zone) and achieving E, values as low as 0.5 (see 
Ref 26). Such flow conditions should be avoided. The abili¬ 
ty of the ventilation air to mix in the occupied zone can be 
improved through recirculation or active mixing of the air 
in the space. Additional information about ventilation' 
effectiveness can be found in Appendix F. 

6.1J.4 Intermittent or variable occupancy. Ven¬ 
tilating systems for spaces with intermittent or variable 
occupancy may have their outdoor air quantity adjusted by 
use of dampers or by stopping and starting the fan system 
to provide sufficient dilution to maintain contaminant con¬ 
centrations within acceptable levels at all times. Such 
system adjustment may lag or should lead occupancy 
depending on the source of contaminants and the variation 
in occupancy. When contaminants are associated only with 
occupants or their activities, do not present a short-term 
health'hazard, and are dissipated during unoccupied 
periods to provide air equivalent to acceptable outdoor air, 
the supply of outdoor air may lag occupancy. W'hen con¬ 
taminants are generated in the space or the conditioning 
system independent of occupants or their activities, supply 
of outdoor air should lead occupancy so that acceptable 
conditions will exist at the start .of occupancy. Figures 4 and 
5 show lag or lead times needed to achieve acceptable 
conditions for transient occupancy (see Appendix G for 
rationale)* Where peak occupancies of less than three hours 
duration occur, the outdoor air How rate may be deter¬ 
mined on the basis of average occupancy for buildings for 
the duration of operation of the system, provided the aver¬ 
age occupancy used is not less than one-half the maximum. 
Caution should be exercised for spaces that are allowed to 
lag and may be affected, due to pressure differences, by con¬ 
taminants entering from adjacent spaces, such as parking 
garages, restaurants, etc 

6.2 Indoor Air Quality Procedure: This procedure 
provides an alternative performance method to the Ventila¬ 
tion Rate Procedure for achieving acceptable air quality. 
The Ventilation Rate Procedure described in 6.1 is deemed 
to provide acceptable indoor air quality, ipso facto. Never¬ 
theless, that procedure, through prescription of required 
ventilation rates, provides only an indirect solution to the 
control of indoor contaminants. The Indoor Air Quality 
Procedure provides a direct solution by restricting the con¬ 
centration of all known contaminants of concern to some 
specified acceptable levels. It incorporates both quan¬ 
titative and subjective evaluation. 
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&2J Quantitative Evaluation. Tfcble 1 furnishes informa- C0 2 is recommended to satisfy comfon (odor) criteria. In 

tion on acceptable contaminant levels in outdoor air. This the event C0 2 is controlled by any method other than dilu¬ 
table also applies indoors for the same exposure times. For tion, the effects of the possible elevation of other contain* 

additional information on contaminants in the outdoor air, inants must be considered. 

see 6.1.1. Thble 3 contains limits for four other indoor con- In recent years a number of indoor contaminants have 

taminants. Three of these are limits set by other bodies as received increased attention and emphasis. Some of these 

indicated in the table. The limit for C0 3 was selected based contaminants, such as formaldehyde or other vapor phase 

on the rationale outlined in Appendix D. Other potential organic compounds, are generated by the building, its 

contaminants for which definite limits have not been set are contents, and its site Another important group of con- 

discussed in Appendix C. Tables C*1 and C-3 do not include taminants is produced by unvented indoor combustion, 

all known contaminants that may be of concern, and these The presence and use of consumer and hobby products, as 

concentration limits may not, ipso facto, ensure acceptable well as cleaning and maintenance products, introduce a 

indoor air quality with respect to other contaminants. range of largely episodic releases of contaminants to the 

Human occupants produce carbon dioxide, water indoor environment (sec Ref 30). 

vapor, particulates, biological aerosols, and other contam* There are also complex mixtures, suchas environmen- 

inants. Carbon dioxide concentration has been widely used tal tobacco smoke (see Ref 31), infectious and allergenic 

as an indicator of indoor air quality. A limit of 1000 ppm biologic aerosols, emanations from human bodies, and 

PROCEDURE 

a. Compute the air capacity per person in the space in ft 5 (m*). 

b. Find the required ventilation rate, in cfm (L/s) per person. 

c. Enter Figure 4 with these values and read the maximum permissible venti¬ 
lation lag time after occupancy from the intersection of a and b. 



PERMISSIBLE LAG TIME 

Maximum Permissible Ventilation Lag Time 
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TABLE 5 

GUIDELINES FOR SELECTED AIR CONTAMINANTS OF INDOOR ORIGIN 


Coaiamiainf 

Coacta nation 

K>m 

Exposure Time 

Consents 

Carbon Dioxide 

U|/m’ 

1000* 

Continuous 

See Appendix D 

ChJordane 

5 ug/m 3 

0.0003 

Continuous 

Reference 27 

Ozone 

100 ug/m* 

0.05 

Continuous 

Reference 28 

Radon gas 

0.027 WL 


Annua! Average 

Reference 29. Paragraph 12.6 
(background 0.001-0.994WL) 


"This level its not considered a bcahfa risk but is a ainogaie for bumu com fon (odor y See SectkmUJ and Appendix D. 


emanations from food preparation. Precise quantitative 
treatment of these contaminants can be difficult. To some 
degree, adequacy of control must rest upon subjective 
evaluation. 

In the case of some odorless biologic aerosols, subjec¬ 
tive evaluation is irrelevant. Application of generally 

PROCEDURE 


acceptable technology, and vigilance regarding adverse 
influences of reduced ventilation, must therefore suffice 
Appendix C contains information on standards and 
guidelines for selected air contaminants. Uniform govern¬ 
mental policies regarding limits on exposure to environ¬ 
mental carcinogens have not yet emerged. 


a. Compute the air capacity per person in the space in ft 3 (m 3 ). 

b. Find the required ventilation rate, in cfm (L/s) per person. 

c. Enter Figure 5 with these values and read the maximum permissible venti¬ 
lation lag time after occupancy from the intersection of a and b. 



Fig. 5 Minimum Ventilation Time Required Before Occupancy of Space 


o 

cn 
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6.2.2 Subjective Evaluation. Various indoor air con¬ 
taminants may give rise to odor that is of unacceptable 
intensity or character or that irritates the eyes, nose, or 
throat. In the absence of objective means to assess the 
acceptability of such contaminants, the judgment of 
acceptability must necessarily derive from subjective 
evaluations of impartial observers. One method that may 
be used for measuring subjective response is described in 
Appendix C. Caution should be used in any subjective 
evaluation procedure to avoid unacceptable concentrations 
of other contaminants. 

6 J23 Air Cleaning. Recirculation criteria are defined 
in 6.1 22 for use with the Ventilation Rate Procedure. Recir¬ 
culation with air-cleaning systems is also an effective means 
for controlling contaminants when using the Indoor Air 
Quality Procedure. The allowable contaminant concentra¬ 
tion in the occupied zone can be used with the various 
system models in Appendix E to compute the required out¬ 
door air flow rate. The airreleaning system efficiency for the 
troublesome contaminants present, both gaseous and par¬ 
ticulate, may be adequate to satisfy the Indoor Air Quality 
criteria of 6 j 2J and 6.2.2. However contaminants that are 
not appreciably reduced by the air-cleaning system may be 
the controlling factor in designland prohibit the reduction 
of air below that set by the Ventilation Rate Procedure. 

6 3 Design Documentation Procedures. Design criteria 
and assumptions shall be documented and should be made 
available for operation of the system within a reasonable 
time after installation! See Sections 4 and 6 as well as 5.2 
and 6.1.3 regarding assumptions that should be detailed in 
the documentation. 
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mite Control* (Chlordane in Military Housing). August 1979. 

*■ Maximum Acceptable Level of Ozone. Code of Federal 
Regulations . Title 21, Pan 801.415. Food and Drug Administra¬ 
tion, US. Department of Health, Education; and Welfare. 

* Exposure from the Uranium Series with Emphasis on Radon 
and Its Daughters 1984. NCRP Report #77. The National Coun¬ 
cil on Radiation Protection and Measurement, Bcthesda, MD. 
m SAP 1981 Indoor Pollutants. 1981. National Academy Press, 
Washington, DC. 

,r The Consequences of Involuntary Smoking. 1986. US. 
Surgeon General, US. Dept, of Health and Human Services. 

* Used KiindArdi wm rrferweed « Ok tin* of public rev** in September 1986. 
The turn m ay with io refer to more currrm issue* of ibtne referenetd *u»dardv 
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APPENDIX A 
CONVERSION FACTORS (AO) 

Paru per million and mass per aaii volume 

Measurement of aiibome concentration of substances is 
generally converted to 77 °F (25 °C) and 29.92 in. Hg (760 mm Hg) ■ 
pressure. Vapors or gases are often expressed as pans per million 
(ppm) by volume and art also frequently expressed in units of mass 
per unit volume, commonly in the following units: 
milligram per cubic meter (mg /m 1 ); microgram per cubic meteT 
Otg/m*); 

milligram per cubic foot (mg/ft 1 ); grams per cubic foot (gr/ft' ). 

The ppm values may be convened to mass per unit volume 
values as follows: 

ppm x molecular weight/24,450 « mg/L 

ppm x molecular weight/0.02445 c vglm' 

ppm x molecular weight/24.45 * mg/m 5 

ppm x molecular weight x 28.3/24;450 * mg/ft 5 

ppm x molecular weight x 28.3/64 8/24,450 ■ gr/ft 1 

Airborne panicle count concentrations measured in million 
particles per cubic foot (mppcf) or million panicles per cubic 
meter (■ panicles per cubic centimeter, cc) can be converted 
approximately to mass per unit volume as follows when density 
and mass median diameter have not been determined: 

mppcf x 6 (approximately) ■ mg/m 1 
particles per cc x 210 (approximately) - mg/m 1 

Uahs for Measuring Radon Profeny Concentrations and Exposures 

Airborne concentrations of radon progeny, like radon itself, 
can be specified in picocuries per liter (pCi/L) or equivalent units. 
For radiation protection purposes, it has been useful to charac¬ 
terize radon progeny concentrations in terms of the total alpha 
energy emitted as a result of decay of the short-lived progeny 
(polonium 218 to polonium 214) to lead 210, a long-lived radio¬ 
nuclide This “potential alpha energy concentration” (PAEC) is 
an indicator of potential dose to the lung, which, in turn, may be 
associated with increased lung cancer incidence on the basis of 
epidemiological studies (see Ref A*2) and other evidence. 

The conventional unit for PAEC is the working level (WL), 
which has a value of 1.3 x 10 1 MeV/L, the potential alpha 
energyper unit volume that would be associated with air contain¬ 
ing approximately 100 pCi/L of each of the short-lived progeny. 
For an arbitrary mixture with polonium 218 concentration (la), 
lead 214 concentration (lb), and bismuth 214 concentration (1c), 
the PAEC is approximately equal to (0.101» + 0.51 lb + 0.37 Ic) 
(WL/100, pCi/L). The associated exposure unit, working level 
month (WLM), is the exposure that an individual would experi¬ 
ence remaining in 1 WL of progeny for 173 hours (an average 
working month). 


If a volume were to have a constant source of radon and no 
mechanisms (other than radioactive decay) for removal of radon' 
ot its progeny from the enclosed air, the activity concentrations 
of each radionuclide (given in pCi/L) would eventually reach a 
state where all were numerically equal. Such a condition (refer¬ 
red to as “equilibrium”) is never achieved in practice because of 
removal mechanisms such as ventilation and progeny “plateout” 
Ventilation both reduces the radon concentration and decreases 
the ratio of progeny to their parents below one. Plateout, the 
attachment of progeny to walls and other surfaces, also decreases 
this ratio. 

The equilibrium condition of radon and its progeny is con¬ 
ventionally indicated by an“equilibrium factor” (F) that is the 
ratio of actual progeny PAEC to the PAEC were each offspring 
to have the same activity concentration as that of the radon 
actually present. Thus F * PAEC/(radon concemration/100). 
where the PAEC is given in WL and the radon concentration in 
pCi/L. In spaces with low progeny-removal rates, F is dose to one 
In houses, equilibrium factors have usually been found to lie in 
the range of 0.2 to 0.8, although factors above and bdow this range 
have sometimes been found. Taking 0.5 as a typical equilibrium 
factor; the annual exposure associated with a constant radon con¬ 
centration of 1 pCi/L may be calculated as follows: 

exposure rate for 1 pCi/L * 


0,5(1 pCi/L) 


( 1 WL \ / I WLM \ / 8760 \ 
y 100 pCi/L ) \\ WL X 173 h ) year ) 


« 0.25 WLM/year 


Also, 1 pCi/L * 37 Bq / m 5 


Rtf m Ktt for Appevdix A 

A-l. Conversion Units and Factors Relating to Atmospheric Analysis 
Recommended practice for ASTM-D-1914-68. American Societvof 
Testing and Materials, 1916 Race Street, Philadelphia, PA 19103 1983: 
A-2. Exposure from the Uranium Series wtih Emphasis on Radon and Its 
Daughters , NCRPM Report m. The Nxuonal Council on Radiation Pro¬ 
tection and Measurement; Washington, DC. 
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APPENDIX B 
POSmVE COMBUSTION AIR SUPPLY 

Fuel-fired appliances equipped with an open draft hood for 
control of combustion chamber draft must exhibit a positive flow 
of air into the draft hood whenever combustion is present. 
Measurements are made when building infiltration is low, ie., the 
inside-outside temperature difference should be no more than 
30 # F (18 °C) and wind velocity is no more than 5 mph (2.2 m/s) 
Commonly used exhaust fans, luch as kitchen and bathroom 
exhaust fans, should be turned on, and fireplaces that have no 
dedicated combustion air supply should be operated simultane¬ 
ously with all external doors and windows closed. Flow of room 
air into the draft hood under these conditions must indicate a 40?V 
dilution of the products of combustion going up the stack (see Ref 
B-l). The dilution ratio for products of combustion can be deter¬ 
mined by measuring the room air temperature entering the draft 
hood; the suck temperature downstream from the draft hood, and 
the flue temperature at the combustion chamber outlet just 
upstream of the draft hood before the draft hood dilution air cools 
the flue gas. Then 

<7> - T,)/{T t - T r ) • 0 40 
7) * flue temperature 
T $ - suck temperature 
T t » room temperature 
If the suck temperature exceeds 

r, - (7) 4 0.4r,)/).4 
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under the measurement conditions defined above, a positive sup¬ 
ply of outside combustion air is needed for safe operation of the 
furnace. Reliable measurements of the suck temperature may be 
difficult ,because of nonuniformities across the suck due to in¬ 
complete mixing. (Methods based on pressure measurements can 
also be used.) Cold suck conditions may cause special problems 
(see Ref B-2), 

Power burners have a blower to supply combustion air. There 
must be enough air supplied to this type of burner to ensure that 
the burner blower produces the pressure rise specified by the 
manufacturer. If a building is so tight that the blower cannot 
achieve its rated pressure rise, a positive supply of outdoor, air must 
be provided Care must be exercised with oil burners, however, if 
cold outdoor airis ducted directly to the burner. The low air tem¬ 
perature may degrade atomization and burntT efficiency. The out¬ 
door air provided should be tempered by heat loss from the suck 
and furnace jacket. 

REFERENCES 

B*l. ASHRAE Handbook—1983 Equipment Volume , Chipter 27, p. 
27 .24. American Society of Heating. Refrigerating, and Air-Conditioning 
Engineers, Inc, Atlanta, GA 30329. 1983. 

B-2. Residential Combustion Venting Failure: A Systems Approach. 
Research Div., Canada Mortgage and Housing Corp, 682 Montreal Rd!, 
Ottawa, Canada, K1A OP7, July 30, 1987, 143 pp. 1987. 


Tkh Apprftdtk t» kx pan of ibis Standard bat fe tedaded for iafomiboa parpotrt 
•at). 

APPENDIX C 

GUIDANCE FOR THE ESTABLISHMENT OF AIR QUALITY 
CRITERIA FOR THE INDOOR ENVIRONMENT 

The ventilation rates recommended in Table 2 are based on 
existing practice in indoor environments that contain the specified 
occupant density and for activities that can normally be expected 
to take place in such environments. Whenever building materials, 
cleaning and maintenance materials, or specialized human activi¬ 
ties introduce large quantities of specific conuminams into the 
building atmosphere there may be occupant complaints and 
special measures should be considered to alleviate them. 

Threshold Limn Values for Chemical Substances in the Work 
Environment Adopted by AGGlH h obtainable from the Publi¬ 
cations Office, American Conference of Governmental Industrial 
Hygienists, 6500 Glenway Avenue, Building D-7, Cincinnati, OH 
45211-4438 (see Ref C-1; Ref C-2 is the West German counterpart). 
This publication provides 8-hour, 15-minute, and instantaneous 
case limits. It is a source of concentration limits for many chemical 
substances and physical agents for industrial hygiene use. In light 
of the constantly changing state of know ledge, the document is 
updated annually. It cautions the user, “The limits listed in this 
book are intended for use in the practice of industrial hygiene as 
guidelines or recommendations in the control of potential health 
hazards and for no other use." 

Industrial health practice attempts to limit worker exposure 
to injurious substances at levels that do not interfere with the work 
process and do not injure the workers’ health. The elimination 
of all effects, e.g., unpleasant smells or mild irritation, is not 
attempted. Regulations are based on the results of accumulated 
experience with worker health and of animal experiments, care¬ 
fully evaluated by groups of competent experts. Exposure and 
effects are related to dose of the injurious substance. Dose includes 
both the oonoentraiion of the substance and the time during which 
h is present. Since concentration commonly varies with rime; dose 
is conveniently expressed as a rime; wei ghte d average concentra¬ 
tion (TWA), short-term exposure limit (STEL), or threshold limit 
value (TLV), Regulations of the US. Occupational Safety and 
Health Administration are TWAs in most cases.Industrial expo¬ 
sures are regulated on the basis of a 40-hour work week with 8* 
lo 10-hour days. The remainder of the time exposure is anticipated 
to be substantially lower for the pollutant of concern For contam¬ 


inants where standards or guidelines have not been established, 
it has been customary to assume as a first guide that a concentra¬ 
tion of 1/10 TLV would hot produce complaints in a nonindustrial 
population in residential, office, school; or othensimilar environ¬ 
ments The 1/10 TLV may not provide an environment satisfac¬ 
tory' to individuals who are extremely,sensitive to an irritant. In 
any event, where standards or guidelines do not exist, expert help 
should be sought in evaluating what level of such a chemicallor 
combination of chemicals would be acceptable. 

Guidelines have been established for a number ofchemicals 
and metals that maybe found in the outdoor air, as shown in Refs 
C-3 through C-9. Most would normally be found only in areas 
Dear certain industrial facilities, but some may be found in residen¬ 
tial areas. These references are offered as sources of information 
when the quality of the outdoor air is suspect. 

Tables C-l and C-2 present lists of North American standards 
and guidelines for acceptable concentrations of substances in the 
indoor and outdoor environment. Table C-3 presems a summary 
of Canadian exposure guidelines for residential indoor air quality 
Table C-4 presents a list of substances evaluated by a working 
group on indoor air quality research of the W'orld Health 
Organization. These tables are presented as further background 
information when using the Indoor Air Quality Procedure. 

Many conuminams have odors or are irritants that maybe 
detected by human occupants or visitors to a space. The air can 
be considered acceptably free of annoying conuminams tf 80°/© 
of a panel of at least 20 untrained observers deems the air to be 
not objectionable under representative conditions of use and 
occupancy An observer should enter the space in the manner of 
a normal visitor and should render.a judgment of acceptability 
within 15 seconds. Each observer should make the evaluation inde¬ 
pendently of other observers and w ithout influence from a panel 1 
leader. Users of this method are cautioned that the method is only 
a test for odors. Many harmful conuminams will not be detected 
by this test. Carbon monoxide and radon arc two examples of 
odorless conuminams. 

References for Appendix C 

C-l. TLVs Threshold Limit Values and Biological Exposure indices for 
1986-87. American Conference of Governmental Industrial Hygienists: 
1986, 6500 Glenway Building D7, Cincinnati, OH 45211-4436 (Airborne 
concentrations of substances lo which near ly all workers may be repea ltd ly 
exposed, da> after day without adverse effect; updated year!) ) 1986 
C-2. herein Deutsche? Jngenieure, Hondbuch RemhaUung der Luft : Mil 
imaJf Imissjons-Went, VDJ 23)0, September 1974. (V*w German counter¬ 
part of TLVs at Ref C-l. 

C*3. Newill, VA. Air Quality Standards, Table III. pp 462-487, in Vol. 
V of Stern, A C. <ed.), Air Pollution, 3rd ed: Academy Press, Ne*. York, 
NY (bational, by county ambient air quality standards) 1977. 

C*4. Government of Ontario, Regulation 296 under the Environmental 
Protection An, Revised Regulations of Ontario, Toronto (current update 
of Ontario, Canada, ambiem air quality criteria). 

C-5. Martin, W, and AjC. Stem, The World's Atr Quality Standards, Vol 
II. The Air Quality Management Standards of. the United States, Table 
17, pp. 11-38, October 1974 (available from AT/S PB-241-876, National 
Technical Information Service, 5215 Ron Royal Road. Springfield. VA 
22161) 1974. 

C-4. US. National Academy of Sciences, Committee on Toxicology. Na ¬ 
tional Research Council] Guides for Shon-Term Exposure ofithe Public 
to Air Polknants Microfiche or photocopies of these may be obtained 
from the National Technical Information Services, by order.number. For 
example. Ammonia PB-M4-336, November 1972, Hydrochloric Acid 
PB-203-4S4, August 1971. 

C-7. US Environmemal Protection Agency* Code of Federal Regulations, 
Trtk 40, Pan 61 (current national emission standards for hazardous air 
pollutants). 

04. U-S. Environmental Protection Agency. National Air Toxics Infor¬ 
mation Clearinghouse Data Base, Report on Suie and Local Agency Air 
Toxics Activities, July 6, ,1986 (tabulation of reporting states and com¬ 
munities published standards and guidelines for toxic air pollutants) 1986 
C-9, US Environmental Proteaion Agency. Code ofiFederal Regulations, 
Title 40, Pan 50 (current nauona) ambient air quality standards) 
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TABLE CA 

STANDARDS APPLICABLE IN THE UNITED STATES FOR COMMON INDOOR AIR POLLUTANTS* 


PollttllDt 

Indoor Standards 

Outdoor Suodards 

Industrial Workplace Suodards 

Asbestos 

Consumer Product Safety Commission 
has banned use of asbestos in artificial 
togs for fireplaces, in patching com* 
pounds, and in certain garments 
(16CFR IX*, 1305,1500.17(a)(7)); 
voluntary ban on use in hairdryers (C-10) 

EPA regulates use in schools (40 CFR 
763.80) and removal projects (40 CFR 
763.120); bans installation of friable 
asbestos for facility insulation 
(40 CFR 61.150) (C-tl)(C-7) 

National Emissions Sundard: 
do visible emissions; may also comply by 
cleaning emissions as specified before par* 
ticulate asbestos material escapes to air 
(EPA, 40 CFR 61.140 
et icq.) (C-7) 

Sure air quality limits: 

CT 0.0010 ug/m’ 8 hr. 

MA 0,0001 fb/cm* 24 hr. 

NC 0.0100 ug/m’ 24 hr. 

NY 5.0000 ug/m’ lyr 

VA 2.0000 ug/m’ 24 hr. 

(all TLV based-fibers longa than 5 microns)* 
(NAT1CH Dau Base, 1986) (C-8) 

0.2 fiber/cm* 8 hr. 

TWA (optically measured longer 
than 5 micronsKOSHA, 29 CFR 
1910.1001(c) (C-12) 

2.0 fiber/ml, 8 hr. TWA 

(Mine Safety and Health Admin., 30 
CFR (56.5001(b), 573001(b)) (C-13) 

Carbon Monoxidfc 

(See Table 1); 


National Ambient Air Quality Primary 
Sundard: 

10 mg/m’ (9 ppm) 8 hr. avg 

40 mg/m’(35 ppm) 1 hr. avg 

35 mg/m* (50 ppm) Ihr: 

TWA 

(OSHA, 29 CFR 1910.1000. Tablfc 

Z-l) (C-12) 



(EPA, 40CFR 50.8) (C9) 

Sute air quality limits: 

CT 10000. ug/rn’ 8 hr 

NV 1.3100 mg/m* 8 hr 

(NAT1CH Dau Base, 1986) (C-8) 

Mine Safety and Health Admin uses 
ACG1H TLV* 

(30 CFR 57.5001(a)) '(C-13) 

Formaldehyde 

Federal: 0.4 ppm target ambient level 
HUD sundard for manufactured homes, 
achieved through product emissions sun* 
dards of 2 and .3 ppm (HUD, 24 CFR 
3280.308, 1984) (C-14) 

State; 0.4 ppm sundard for indoor 
exposure (MN suiute 144.495, 1965) 
(C-15) 

No federal sundard. 

Sute air quality limits: 

CT 12.00 ug/m 1 8 hr. 

IL 0.0150 ug/m* I yT. 

IN 18.000 ug/m 1 8 hr. 

MA 0.2000 ug'm’ 24 hr. 

NC 300.00 ug/m* IS mim 

NV 0.0710 mg /m* 8 hr: 

NY 2.0000 ug/m’ l yr. 

VA 12.000 ug/m’ 24 hr. 

(NAT1CH Dau Base, 1986) (C-8) 

1 ppm 8 hr. TWA-PEL* 

2 ppm 15-min, STEL* 

(OSH A 29 CFR 1910.1000; Table 

Z-2; OSHA issued a final rule Dec 

4. 1987 

(52 FR 46168) lowering a previous 
standard to the above levels, which i 
was effective on Feb. 2, 1988) 

Mine Safety and Health Admin uses 
ACGIH TLV* 

(30 CFR 57:5001(4)) (C-13) 

Lead 

(See Table 1) 

CPSC has banned in paint for consumer 
use or use on consumer products 
(16 CFR 1303) (C-10) 

National Ambient Air Quality Primary 
and Secondary Sundard: 

13 ug/m’ max. arithmetic mean over 
calendar qtr. (EPA, 40 CFR 50.12) (C-9) 

Sute air quality limits: 

CT 1300 ug/m’ 8 hr. 

IL 0300 ug/m* 24 hr. 

MA 0.680 ug/m* 24 hr. 

NV 0.004 rng/m’ 1 hr. 

VA 2300 ug/m* 24 hr. 

50 ug/m’ 8 hr* TWA 

(OSHA 29 CFR 1910.1025(c)) (C-12) 

Mine Safety and Health Admin uses 
ACGIH TLV 

(30 CFR 573001(a)) (Cl 3) 



(NATJCH Dau Base for lead powder, 

1986) (C-8) 


Nitrogen Dioxide 


National Ambient Air Quality 

(5 ppm) ceiling 9 mg/m* 

(See Thble 1) 


Primary and Secondary Standards: 

100 ug/m* 

(0.053)pp!D annual arithmetic mean 

(EPA 40 CFR 50.11) (C-9) 

Sute air quality Umiu: 

(OSHA 29 CFR 1910.1000. Tkble 
Z-1)(C12) 

Mine Safety and Heahh Admin, uses 
ACGIH TLV 

(30 CFR 573001(a)) (C-12) 



CT 120.0 ug/m* 8 hr. 

NV 0.143 mg/ta* 8 hr. 




(NAT1CH Dau Base. 1986) (CA) 



*Most ACG1H TLV» art referenced is wesuers nations* guadvdi, tsciudinj *PEL— PrTmiuible otpotun linui 

fAi\a/u \Ufp fr p Europe Vfwii* *STEL—Sbon-uno exposure hmii 
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TABLE C-l 

STANDARDS APPLICABLE IN THE UNITED STATES TOR COMMON INDOOR AIR POLLUTANTS* ( Concluded) 


Pollutant 


Km) oor Sub dank 


Outdoor Suodards 


Oione 

(Set Tablfc 1 and 3) 


FDA prohibits device! (t|., germicides, 
deodorizer!) that result in more thut 
0.05 ppm in occupied enclosed spices 
such is homes, offices, or hospiuts, or 
thit result in any rtleases in plices oc¬ 
cupied by the ill or infirm (21 CFR 
$01,415) (C-16) 


National Ambient Air Quality 
Primary and Secondary Standards: 

235 ug/m’(0.12 ppm) max. hourly ivg 

(EPA, 40 CFR 50.9) (C9) 

Sute air quality limits: 


CT 235.0 ug/m* 1 hr. 

NV 0.005 mg /m* 8 hr. 


laduttrial Workplace Sundink 
0.2 mg/m’ (0.1 ppm) 8 hr TWA 

(OSH A, 29 CFR 1910.1000. Table 
lr\) (Cl2) 

Mine and Safety and Health Admin 
uses ACGIH TLV 

(30 CFR and 57.5001(a)) (C-13) 


Particulates 
(SeeTable ])< 


(NAT1CH Dau Base. 1986) (C-8) 


National Ambient Air Quality 
Primary Standard: 

75 ug/ro* annual geom. roear. 260 ug/m’ 
maximum 24 hr. 


Secondary Sundard: 

60 ug/m* annual geom. mean 150 ug/m’ 
maximum 24 hr: 


Radoni 
(See Table 3) 


(EPA. 40 CFR $0.6, 30.7) (C-9) _ 

National Emission Sundard for 
Radon-222 emissions from underground 
uranium mines—requires bulkhead con¬ 
struction (EPA, 40 CFR 61.22) (C-7) 

National Emissions Sundard for Radio¬ 
nuclide Emissions (Excluding Radon-220. 
222) from DOE facilities, other federal 
facilities, and NRCbcenscd facilities: 


1.0 WL radon progeny maximum 4 
WLM radon progeny calendar year 

(Mine Safety and Hfcalth Admin.. 30 
CFR 57.5038. ,57.5039) (C-13) 


25 mrtm/y whole body 
75 mrem/7 critical organ 


Sulfur Dioxide 
(See Table 1) 


(EPA, 40 CFR 61.92, 61.102) (C-7) 

National Ambient Air Quality Primary 
Sundard: 

t0 ug/m* <0.03 ppm)annual arithmetic 

mean 

365 ug/m 1 (0.14 ppm) 24 hr. 

Secondary Standard; 


1300 ug/m* (0J ppm) 3 hr. 

(EPA 40 CFR 50.4. 50 J) (C-9) 

Sute air quality timlu: 

CT 860.0 ug/m* 8 hr. 

NV 0.119 mg/m* thr. 

TN 1.200 ug/m* 1 yi. 

___ (NAT1CH Dau Base, 1986) (C-8) 

*Mo«t ACCIH TLV» ut Menaced u> vours aaiiow* modank, including C anada. W men Europe, and Auwalia. 


13 mg/m’ (5ppm) 8 hr TWA 

(OSH A. 29 CFR 1910.1000. Table 
Z-l) (C12) 

Mine Safety and Health Admin uses 
ACGIH TLV (30 CFR 57.5001(a)) 
(C-13) 


PollnUnt 

Asbestos 


TABLE C-2 

GUIDELINES USED IN THE UNITED STATES FOR COMMON INDOOR AIR POLLUTANTS 


Udoor GuMetiaes _ Outdoor GuideUnet _ Udoflrka) Workplace Gaidrlines 

02-2.0 nbers/cm* 8 hr T1VTWA 
(depending on type of fiber) 
(fibers longer than 5 microns): 
(ACCIH, 198647) (C-l) 
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TABLE 02 

GUIDELINES USED IN THE UNITED STATES FOR COMMON INDOOR AIR POLLUTANTS {Concluded) 


Pollutant 

ladoor Gatdetines Outdoor Gu Well nes 

Industrial Workplace Guide))nrs 

Carbon Monoxide 


55 mg/m’ <50 ppm) 8 hr. TLV-TWA 

440 mg/m’ (400 ppm) 15 min. STEL 

(ACGIH. 1986-8?) (C*l) 

Chlordane 

NAS recommendation for military 
housing: (C-17) 

5 ttg/m' maximum 


Formaldehyde 


1.5 mg/m* (1 ppm) 8 hn TLV-TWA 

3 mg/m* (2 ppm) 13 min. STEL 

(ACG1H, 1986-87) (C-l) 



1.2 mg/m’ (1 ppm) 8 hr, TWA 

2.5 mg/m’ (2 ppm) 15 min. STEL 

(American Industrial Hygiene 

Assn., 1986) <C20) 

NAS recommendations for manned 
spacecraft: (C-18) 

1.0 mg/m* (1.0 ppm) 60 min. 

0.1 mg/m* (0.1 ppm) 90 days 

0.1 mg/m’ (0.1 ppm) 6 mo. 

Navy Submarine Atmospheric Con¬ 
trol Manual, levels set by Naval 
Research Laboratory: (C-19) 

3.0 ppm 1 hour 

1.0 ppm 24 hour 

0.5 ppm 90 days 

Lead Dust and 


0.15 mg/m’ 8 hr. TLV-TWA 

Fumes 


(ACGIH, 1986-87) <C-l) 

Nitrogen Dioxide 


6 mg/m’ (3 ppm) 8 hr. TLV-TWA 

JO mg/m* (5 ppm) 15 min. STEL 

(ACGIH, 1986-87) (C-l): 

NAS recommendation for manned 
spacecraft: (C-18) 

4 mg/m’ <2.0 ppm) 60 min. 

1.0 mg/m' (0.5 ppm) 90 da>s 
LOrnf/m* (0.5 ppm) 6 mo 

Ozone 


0.2 mg/m’ (0.1 ppm) 8 hr. TLV-TWA 
0.6 mg/m 1 (0.3 ppm) 15 mm STEL 

(ACGIH, 1986-87) (C-l) 

Radon 

EPA 1986 recommendation for homes: 


(See Table 3) 

4 p Ci/1 or le»*can be reached in roost 
homes 

At 4-20 pCi/1-take anion to reduce 
within > few years 

At 20*200 pCi/l-reduct within several 
months 

At 200 pCi/1 or abovcjcducc within 
several weeks or relocate until levels are 
reduced 

(EPA, “A Citizen's Guide to RadotC 

August 1986) (C-21) 

(EPA, “Radon Reduction Methods, A 

Homeowner's GuidC August 1986) (C22) 


Sulfur Dioxide 


5 mg/m’ (2 ppm) 1 hr TLVTWA 

10 mg/m’ (5 ppm) 15 min. STEL 
(ACGIH, 1916-87) (C-l) 

NAS recommendation for manned 
spacecraft (C-18) 

13 mg/m* (3.0 ppm) 60 min. 

3 mg/m’ (1.0 ppm) 90 days 

3 mg /m* (1.0 ppm) 6 mo. 
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TABLE C-3* 

SUMMARY OF CANADIAN EXPOSURE GUIDELINES FOR RESIDENTIAL INDOOR AIR QUALITY 


Acceptable Exposure Ranges 


Coataroinanl ASTER 1 __ 


Aldehydes (total) Ec/C^l* 

Carbon dioxide — 

Carbon monoxide <11 ppm—8h* 

<25 ppm—I h* 

Formaldehyde 

Nitrogen dioxide <480 ^g/m* (<0-25 ppm)—1 h 

Ozone <240 Mg/m (<0.12 ppm)—1 h 

Paniculate matter* <100 Mf/m'— J h 

Sulphur dioxide <1 000 >ig/m 5 (<0,38 ppm)—5 m 

Waier vapor 30-80*5# R.H.^-summer 

30-55S R.H.—winteT f 
Others See beW Minimize exposure 


*C, ■ 120 Mg/m* (formaldehyde); 50 Mf/m* (acrolein); 9000 Mg/m' 
(acetaldehyde), and C, are mpeciivr concentrations measured Mt a fiw-minute 
period. 

*Urms given on)> in parti per million so that guidelines are independent of 
ambient pressure, 

‘See Aldehydes (iota)). 

*A)i hough the epidemiological studies conducted to date provide little convinc¬ 
ing evidence that formaldehyde u carcinogenic in human populations, because of 
this potential, indoor level! should be reduced as much as possible. 


<480 Mi An* (<0-25 ppm)—1 h 
<240 Mg / m* «0.12 ppm)—1 h 
<100 Mg/m*—J h 
<1 000 Mg/m J (<0,38 ppm)—5 m 
30-80^# R.H summer 
30-55S R.H.— winteT f 
Minimize exposure 


x 6 300mg/m J (<3 500 ppm) 


* Action Level 120 Mi/m* (0.10 ppm) 
Targe! Level 60 Ml/m J (0.05 ppm) 
<100 Mg/m' (<0.05 ppm) 

<40 Mf/m 1 

<50 Mg/m* (<0.019 ppm) 


Minimize exposure_21-36 


*<2 5 ptm mass median aerodynamic diameter—MMMO. 

'Unless constrained by window condensation. 

•ASTER—Acceptable short-term exposure range 
*ALTER—Acceptable long-itrm oposure range 

‘Other contaminant of c oncern biological agents, chlorinated hydrocarbons, 
pest control products; product aerosols, fibrous materials, lead, polycyclic aromatic 
hydrocarbons (PAHs); and tobacco smoke 

•From Ref C-23.p.41. 


TABLE C-4 

WHO WORKING GROUP CONSENSUS OF CONCERN 
ABOUT INDOOR AIR POLLUTANTS AT 19*4 LEVELS OF KNOWLEDGE* 


Pollutant* 

Concentrations* 

reported 

Concentrations* 
of limited or 

no concern 

Concentrator!* 
of concern 

Remarks 

Tobacco smoke (passive smoking) i 





Respirable particulates 

0.05-0.7 

<0.1 

>0.15 

Japanese standard 0.15 mg/m 

CO 

1-1.5 

<2 

>5 

indicator for eye irritation (only from passive 





smoking) 

Nitros-dimethylamine 

(1-50) x 10'* 

— 

— 

Mutagens under investigation for carcinogenicity 

NO, 

0.05-1 

<0.19 

>0.32 


CO 


2*COHb 

3* COHb 

99.9V 


M00 

<11 

>30 

Continuous exposure 

Radon and Piogenys 

10-3000 Bq/m J 

-0 

70 Bq/m’ 

Swedish standard for nr* houses 

Formaldehyde 

0.05-2 

<0.06 

>0.12 

Long- and short-term 

SOj 

0.02-1 

<0.5 

>1.35 

S0 2 alone shon-term 

co 2 

600-9000 

<1800 

>12000 

Japanese standard 1800 mg'm* 

O) 

0.04-04 

005 

0.08 


Asbestos 

<10 fibres/m* 

-0 

lO'fibne/m 

For long-term exposure 

Mineral fibres 

<10 fibrts/m! 

— 

— 

Skin irritation 

Organics 





Methylene chloride 

0.005-1 

— 

350 

TLV 4 




260 

NIOSH* recommendations 

Trichlonncibene 

0.0001-0.02 

— 

270 

TLV 




135 

NIOSH reemmendations 

Trtrachloroethene 

0.002-0.05 

— 

335 

TLV 

1.4 Dichlorobenzene 

0.005-0.1 

— 

450 

TLV 

Benzene 

0.01-0.04 

carcinogen 

carrinoftn 


Toluene 

0.015-0.07 

— 

375 

TLV 

m.p.-Xylene 

0.01-0.05 

— 

435 

TLV 

n-Nonane 

0.001-0.03 

— 

1050 

ILO (1980) 

a-Decane 

0002-0.04 

— 

— 


Umonene 

001-0.1 

— 

560 

TLV turpentine 


*AB gases were considered on their own without other coeuaminants. 

^Typical ranges of concentration pv*n in mg/m links* otherwise adicaiad and 
for short-term mpossum 

‘According to Environmental Health Cmeria No 4, Geneva World Health 
Organization^ 1977 

*TLV {threshold limit values) mtbbshed by the American Conference of Ga*em- 
mcmal Industrial Hygienm*(l9tJI984). These values are for occupation exposures 


and should be comiderad as eorane upper bmm for nonoccupaikma) population! 
ter vrry shon-terai exposures 

'National Institute for Occupational Safety and Heahh (NIOSH). USA 
'international Labor Organization (ILO) 

— • no meaningful numbers can be given because of insufficient knowledge 

•From Ref C-34, Tbbk X 
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C40: US. Consumer Products Safety Commission, Code of Federxl 
RejuUtions, Title 16, Pirn 1303,1304,1305 »nd 1500 (ban of certain com¬ 
mercial practices and hazardous substances regulation). 

C-ll, US. Environmental Protection Agency, Code of Federal Regulation, 
Title 40, Pan 763 (national asbestos regulations). 

012. US. Occupational Safety and Health Administration, Code of 
Federal Regulations, Title 29, Pan 1910 (icduc and hazardous substances). 
C-1J. US. Mine Safety and Health Administration, Code of Federal 
Regulations, Title 30, Pam 563001, 573001, 573038 and 573039 (air 
quality), 

014. US. Department of Housing and Urban Development, Code of 
Federal Regulations, Title 24, Pan 3260.308 (formaldehyde emission con¬ 
trols for manufactured homes). 

015. State of Minnesota, Minnesota Laws of 1985, Chapter 216, Section 
144.495 (formaldehyde rules for no housing units). 1985, 

016. VS Food and Drug Administration, Code of Federal Regulations, 
Title 21. Pan 801 (maximum acceptable levels of ozone). 

017. VS National Academy of Sciences, Committee on Toxicology, An 
Assessment of the Health Risks of Seven Pesticides Used in Termite Con¬ 
trol (chiordane in military housing), August 1982. 

Oil. U.S. National iAcademy of Sciences, National Research Council, 
Report of the Panel on Air Quality in Manned Spacecraft of the Commit¬ 
tee on Toxicology; A tmospherk Con t ami nan u in Spccecrqft. June 1972. 
019. US. Naval Research Laboratory, Navy Submarine Atmospheric 
Control Manual (current updkte of Table 3*7, unclassified defense 
information). 

020. American Industrial Hygiene Association, Occupational Exposure 
and Work Practice Guidelines for Formaldehyde July 24, 1986. 

021. US, Environmental Protection Agency. A Citizen's Guide to Radon. 
August 1986. 

022. US. Environmental Protection Agency. Radon Reduction Methods, 
A Homeowner's Guide. August 1986. 

023. Canada Department of National Health and Welfare. Exposure 
Guidelines for Residential Indoor Air Quality. Ottawa. April 1987. 
024. World Health Organization, Report on • WHO meeting, August 
21-24,1984, Indoor Air Quality Research. EURO Reports and Studio 103, 
Regional Office for Europe, Copenhagen, Denmark. 
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APPENDIX D 

JUTIONAXE FOR Ml NIMUM PHYSIOLOGICAL REQUIREMENTS 
FOR RESPIRATION AIR BASED ON COi CONCENTRATION 

Oxygen is necessary for metabolism of food to sustain life. 
Carbon and hydrogen in foods are oxidized to C0 2 and H 2 0, 
which art eliminated by the body as waste products. Foods can be 
classified as carbohydrates, fats, and proteins, and the ratio of car¬ 
bon to hydrogen in each is somewhat different: The respiratory 
quotient (RQ) is the volumetric ratio of carbon dioxide produc¬ 
ed to oxygen consumed. It varies from 0.71 for a diet of lOO^i fat 
to 0.8 for a diet of 10CW# protein and LOO for a diet of 100 - ?* carbo¬ 
hydrates (see Ref D-l). A value of RQ * 0.83 applies to a normal 
diet mix of fat, carbohydrate, and protein. 

The rate at which oxygen is consumed and carbon dioxide is 
generated depends on physical activity. These relationships are 
shown in Fig. D-2 (see Ref D-2). The breathing rate is shown also. 
A simple mass balance equation gives the outdoor air flow rate 
needed to maintain the steady-state C0 2 concentration below a 
given limit. 



Eli. D-l TWo Chambe-Model 

V. - N/(C, - Cj (D-l) 



bHTOCAc acttvtty. urr umts 
Fig. D-2 Metaboltc Data 

where 

V 0 ■ outdoor air flow rate per person 

V t m breathing rate 

N - C0 2 generation rate per person 

C, * C0 2 concentration in exhaled breath 

C t * C0 2 concentration in the space 

C e * C0 2 concentration in outdoor air 

Thus, for an activity level of 1 3 met units (LOmet • 18 4 
Btu/h-ft 2 ), the C0 2 generation rate is 0.30 L/tnin. If the max¬ 
imum space concentration is to be held to 0.1 V* and the outdoor 
concentration is 0.03 r /% % the outdoor air flow needed is. 

V 0 - (0.30)/l(0.001-0.0003) x 60] 

- 7.0 L/s 

or 15 cfm per person 

Figure EL3 shows the outdoor air flow rate required as a func¬ 
tion of physical activity and steady-state room concentration. If 
the activity level is greater than 1.2 met, the required ventilation 
must be increased to maintain the same carbon dioxide level. 

Also the decrease in oxygen content of the room air can be 
found from Eq ELI when oxygen concentration is substituted for 
carbon dioxide concentration. 

C. - C, - N/V. (D-2) 

The term N now has a negative value with respect to its use 
in Eq ELI since oxygen is consumed rather than generated. 

C, - C # - N/V m (D 3) 

The oxygen consumption rate is 0.36 L/min when the activity 
level is 1.2 met. For ventilation at a rate of 15 cfm (429 L/ro) and 
an activity level of 1.2 met units, the room oxygen level will be 
reduced from an outdoor concentration to 20.9^». Thus the oxy¬ 
gen content of the room is reduced from 21^4 to 20.9^*, a change 
of only 0.5 V*. The carbon dioxide is raised from the background 
of 0.03^i to O.lAfc, a change of 230 i 7r Thus dilution of carbon 
dioxide is dearly more significant than replacing oxygen. 
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/if. E-l Recirculation and Filtration 


A,B 

V 

c 

E 

f, 

JV 

R 


Filter Location 
Volumetric Flow 
Contaminate Concentration 
Efficiency or Effectiveness 
Flow Reduction Factor 
Contaminate Generation Rate 
Recirculation Flow Factor 


Subscripts 

f * filter 
O * outdoor 
r * return 
s - supply 
v ■ ven/i/orion, 


REFERENCES 

D-l. McHattie, LA Crop/wc Visualization of the Relations of Metabolic 
Fuels Heat: CO it HjO. Urine S. I Applied Physiology, 15,14): 

677*83. 1960. 

D^2 . ASHRAE Handbook—1985 Fundamentals Volume, Chapter 8. 
American Society of Healing. Refrigerating, and AirConditioning 
Enginetri, Inc_ Ailama, GA 30329. 1985. 
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APPENDIX E 

PROCEDURE FOR USE OF CLEANED RECIRCULATED 

AIR 


The amount of outdoor air specified in Table 2 may be 
reduced by recirculating air from which offending contaminants 
have been removed or convened to less objectionable forms. 
Formaldehyde, for cample, may be oxidiied to water and carbon 
dioxide. The amount of outdoor air required depends on the 
contaminant generation in the space, the contaminant concentra¬ 
tions in the indoor and the outdoor air, the filter location; the filter 
efficiency for the contaminants in question, the ventilation ef¬ 
fectiveness, the supply air circulation rate, and the fraction 
recirculated. 

Figure E-l shows a representative system j A filter may be 
located in the recirculated airstream (location A) or in the supply 
(mixed) airstream (location B); The ventilation effectiveness will 
depend on the location of the supply outlet, the return inlet, and 
the design and performance of the supply diffuser Figure E-l is 


Table E-1 Required Outdoor Air or Space Contaminant Concentration with Recirculation and Filtration 
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a schematic of a typical system with the supply outlet and the 
mum inlet in the ceiling It is possible for some supply air to flow 
directly from the supply to the return, bypassing the occupied zone 
of the room This reduces the effectiveness of the ventilation sup¬ 
plied to the space (see Appendix F). 

All of the exhaust is shown in Fig. E-l as being taken from 
the mum airstrtami Many systems will have pan or all of the 
exhaust taken directly from the space. If the exhaust an is taken 
from the ceiling area, it will be subject to the same loss of venti¬ 
lating efficiency as if it were taken from the return air flow. See 
Appendix F for its effect on ventilating efficiency, E y . The ex¬ 
haust air flow, V„ is then equal to all of the exhaust air flow 
regardless of whether it is taken from the mum air or from the 
room. Then: 

K « K (E D 

kt P r 'be the portion of air exhausted form the mum duct, and 
VI be the portion exhausted directly from the room. Then: 

k - v; + y; < e - 2 > 

and 

y, - k - y; < e - 3 > 

The material balance at the supply outlet is: 

K * *K - w + y;) + Rv r ( e -*) 

*y r - k - (y; + y;> (e- 5 > 

RV r is the recirculated air and V t is the murn air. Therefore: 

* «i y,-v; + y;Wr (e-6) 

Variable-air-vo!urne (VAV) systems reduce the rirrulation rate 
when the thermal load is satisfied. This is accounted for by a flow 
reduction factor Fr. The supply air temperature is normally held 
constant in a VAV system. Constant-volume systems require a 
variable supply air temperature. VAV systems also may have a con¬ 
stant or proportional outdoor air flow rate. 

A mass balance for the contaminant may be written to deter¬ 
mine the space contaminant concentration for each of the system 
arrangements. The various permutations for the air-handling and 
distribution systems are described in Tablt E-l. There are Severn 
variations. The mass balance equations for computing the space 
contaminant concentration for each system are presented in 
Table E-l. 

If the allowable space contamination is specified, the equa¬ 
tions in Table E-l may be solved for the outdoor flow rate V e , 
When the outdoor air flow rate is specified, the equations maybe 
solved for the resulting contaminant concentration as shown in 
Tkble E-l. 

Filters are effective for removing particles. They are less 
effective or ineffective in removing gases and vapors. Therefore, 
when designing a filtration system; consideration must be given 
to contaminants that are poorly filtered or hot filtered at all: The 
ventilating rate may only be reduced until some contaminant 
reaches iu maximum acceptable limit. 


APPENDIX F 

VENTILATION EFFECTIVENESS 

Stratification Model. A model for ventilation effectiveness 
can be derived by considering a typical HVAC air-handling system 
as shown schematically in Fig. F-l. It is possible that a fraction; 
S, of the supply air may bypass directly to the return inlet without 
mixing at the occupied level; ie., below the dotted line in Fig. F-l. 
The total outdoor air in the supply air is V m . 

The fraction of the supply air that stratifies and bypasses 
directly to the return is designated by S. This model applies to the 
forced ventilation system and excludes the effects of passive infil¬ 
tration: The amourn of outdoor air supplied to the space is: 

V m - V m 4 R x S x V m (FI) 


O vrpmn V, 



Fig. El Typical A ir Distribution System 


The amount of unvitiated (unused) air that is exhausted is: 

y„-U-*)SV m (F-2) 

The ventilation efficiency then can be defined as: 

- \y.~ y-w, < f -»: 

Combining equations F-l, F-2, and F-3* 

E* m II- S]/11- *S] (F-4) 

Equation F-4 defines the effectiveness with which the out¬ 
door air is circulated to the occupied space in terms of a stratifica¬ 
tion or mixing factor 5 and the recirculation faaor R If there is 
no exhaust flow, R - l and the effectiveness - 100°V If; 
however, there is both stratified flow and recirculation, outdoor 
air can pass through the system without ever being used to dilute 
contaminants at the occupied level. This ventilation Ibss also 
represents an energy loss. 

REFERENCE 

F-l. Janssen, JiE. Ventilation Stratification and Air Mixing, In¬ 
doorA ir, Vol: 5. Proc of the 3rd Interm Conference onTndoor 
Air Quality and Climate, Stockholm, Sweden; 19S4. Sponsored 
by USEPA, ASHRAE, GRii EPR1 and European organizations. 
19S4. 
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APPENDIX G 

RATIONALE FOR LAG OR LEAD TIME FOR TRANSIENT 
OCCUPANCY 

When spaces such as classrooms, auditoriums, or offices are 
unoccupied for several hours and then occupied; operation of the 
ventilation system may be delayed to use the capacity of the air 
in the space to dilute contaminants. This applies to cases where 
the inside contaminants are associated only with human occupan¬ 
cy and where contaminants are dissipated by natural means dur¬ 
ing long vacant periods. The operation of the ventilation system 
can then be delayed until the concentration of contaminants 
reaches the acceptable limit associated with the minimum ventila¬ 
tion requirements at Heady state. 

The concentration of any contaminant C in the absence of 
ventilation in a given space of volume v is expressed as follows: 

C, - (G-l) 

V 

where Nis the contaminant generation rate and I is time The con¬ 
taminant concentration C t under a steady^sute condition with 
ventilation rate Vis: 

C ‘ m -y- #«> 

The maximum permissible ventilation delay time after the 
space is occupied is when C, equals C # , or: 


t 


m ~v 


(0*3) 
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This equation is plotted in Fig. 4 for various ventilation rates 
in cfm/person (L/s pa person) and space volume in ftVperson 
(L/person). When contaminants are generated independent of 
people or their activities, and the contaminants do not present a 
short-term health hazard, ventilation may be shut off during un¬ 
occupied periods. In these cases, however, ventilation must be 
provided in advance of the time of occupancy, so that acceptable 
conditions will exist for people at the start of occupancy. It is im¬ 
practical to operate the ventilation system at the minimum require¬ 
ment until steady state is reached, because this is approached 
asymptotically with time and may take several hours to reach prac¬ 
tical equilibrium. An engineering estimate of a permissible con¬ 
taminant level of 1.25 times the steady-state value has, therefore, 
been selected as the maximum level at the time of occupancy. The 
occupants would, for a time, be subjected to somewhat higher 
contaminant concentrations than the steady-state value. It is 
postulated that the factor of safety implicit in the concentrations 
in 6.1.3 are adequate so that, for practical purposes, the required 
air quality is provided ova the entire occupancy period. 

When an initially contaminated room with a level of concen¬ 
tration Ci is diluted by a given rate of ventilation K the time 
required to Iowa the concentration to a fraction X above the final 
steady-state concentration level can be expressed as follows: 

r » (v/y)M YllL ~ 1 j (G-4) 

where: 

t « time 

v • room volume 
V - ventilation rate 
N « contaminant generation rate 
C, - initial concentration 

Figure 5 is a plot of this relationship, where C, is assumed to 
be approximately TO times the steady-state value and X « 025 or 
25*. 

Tab Appradix k tot pen W tUs StAMUn) tat k bd»M lor bJ«rio« pv+oms 

—h- 

APPENDIX H 

RATIONALE FOR REDUCING OUTDOOR AIR WHEN LOADS ON 
A MULTI-ZONE SYSTEM ARE UNEQUAL 

Building HVAC systems often serve more than one room or 
zone When the ventilating requirements for different rooms or 
zones are unequal, some of the return air is recirculated, and ex¬ 
haust is taken from the return air, it is possible to reduce the frac¬ 
tion of outdoor air in the total supply below that required for the 
critical space, ix., the space with the greatest ventilation require¬ 
ment. Derivation of the formula that specifies the fraction of the 
outdoor air required in the total supply is as follows: 

A two-chamba model may be used as shown in Fig. H-I. One 
chamber, repre s ented by subscript c, represents the critical zone 
or zone with the highest ventilation load. The other chamber 
represents the sum of the other zones or rooms that require a 
smaller fraction of outdoor air is their supplies than the critical 
zone. 



fig, HI Multi-Zone Model 
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V § « ethaust from the system 

m outdoor air supply corrected to account for recirculation 
V m m total supply air flow 
V, « return air flow 

V * - outdoor air flow supplied to zone i 

V m m rum of the outdoor air supplied to all zones 



V 0 m supply air flow to zone i 

V m « sum of supply flows to all zones 



V m * outdoor air supplied to critical zone 

V K m supply air flow to critical zone 

F * fraction of outdoor air in supply to critical zone 

F - V m /y K (H-l) 

R m fraction of return air that is recirculated* ix., 

R - t(V f - V')/V'\ - \V m - VJ/V„) (H-2) 

Note that 

V„ - £ y* (H 3) 

i - 1 

and 

v*. m (H-») 

Fm I 

Then, by definition for the critical zone; 

VJV* > (H-5) 

Thus, if the supply contains a fraction of outdoor air needed 
to satisfy the critical zone, the other zones will be overventilaied 
and their return will contain unvitiated or **umised” outdoor air. 
A fraction, R , of the return air then can be recirculated to supply 
some of the outdoor air needed by the critical zone. This will 
reduce the amount of outdoor air needed by the systemi 

IfFis the fraction of outdoor air in the supply to the critical 
zone, the flow rate of unvitiated (unused) outdoor air in the return 
from the ovoventilated zones is, 

FV m - V m (H- 6 ) 

The fraction of this unvitiated return air that is recirculated is 
R\FV m “ KJ (H-7) 

The total amount of useable outdoor air, V m > In the supply 
then is, 

V m ♦ R [FV m ~ V m \ (H- 8 ) 

The ventilation requirement of the critical space is pet when 
the supply air, V mt contains a fraction of outdoor air equal to, 

FV m - V m + R\FV m - VJi (H-9) 

From the definitions of the recirculation fraction, R, given 
IVE 4 H- 2 . 

rv m - v m + hv m - y m )/y 0 )\Fv m - y m \ <h-k» 

Equation H-10 can now be solved for the total outdoor air, 
or fresh air needed to satisfy all zones. 

FV m - V„ + FV m - FV m - V m + y m y m fV m (H-l 1) 

o » yj 1- f + y m /v 0 i - y m 0W2) 
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Therefore, 


where 


K o; ,« Y„/\\ +: VJV« - F] CH-13) 

or substituting the value for/“and dividing both sides of the equa¬ 
tion by the total supply V u \ 

VjV lf = \V»/V u \/\) + t\V„/V v ) - (H-14) 

Equation H-14 can be written 

Y = X /{\ * X - Z) (H-15) 


Y m Y ot /V sn the corrected fraction of outdoor air in the 
total supply 

X « the uncorrected fraction of outdoor air in the 

total supply 

Z * / the fraction of outdoor air in the supply of the critical 
zone. 
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POLICY STATEMENT DEFINING ASHRAE’S CONCERN FOR THE 
ENVIRONMENTAL IMPACT OF ITS ACTIVITIES 


ASHRAE is concerned with the impect of Its members* activities on both the indoor and out¬ 
door environment. ASHRAE’s members will strive to minimize any possible deleterious effects 
on the indoor and outdoor environment of the systems and components in their responsibility, 
while maximizing the beneficial effects which these systems provide, consistent with the ac¬ 
cepted standards and the practical state of the art. 

ASHRAE’s short-range goal is to ensure that the systems and components wtthlh its scope do 
not impact the indoor or outdoor environment to a greater extent than specified by the stan¬ 
dards as established by Itself and other responsible bodies. 

As an on-going goal, ASHRAE will, through its Standards Committee and extensive technical 
committee structure, continue to generate up-to-date standards where appropriate and adopt, 
recommend and promote those new and revised standards developed by other responsible 
organizations. 

Through its Handbook, appropriate chapters will contain up-to-date standards and design con¬ 
siderations as the material is systematically revised. 

ASHRAE will take the lead with research and dissemination of environmental information of its 
primary interest and will seek out and disseminate Informatibn from other responsible 
organizations which is pertinent, as guides to updating standards. 

The effects of the design and selection of.equipment and systems will be considered within 
the scope of the system’s intended use, and expected misuse. The disposal of hazardous 
materials, ifany, will also be considered: 

ASHRAE’s primary concern tor environmental impact will be at the site where equipment 
within ASHRAE’s scope operates. However, energy source selection and the possible en¬ 
vironmental Impact due to the energy source and energy transportation will be considered 
where possible. Recommendations concerning energy source selection should be made by Its 
members. 


Source: https://www.industrydGCuments.ucsf.edu/doGs/zqyxOOOO 
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ABSTRACT 

The subject of indoor air quality is generating increasing concern in the public and 
political arena. In spite of its publicity it is still 1 a fairly technical 1 subject, the 
healith effects of which are poorly understood. A model is described which will; 
visually illustrate the indoor air quality in a specific situation', the parameters 
which affect it and how it compares with occupational health standards. Environmental 
tobacco smoke is evaluated as one point source which can a,ffect indoor air quality.. 


INTRODUCTION 

The subject of indoor air quality is one of continually increasing concern to the 
public. More and more information is available regarding the nature and types of 
chemicals found in indoor environments and people are demanding access to that 
information. Unfortunately the subject of indoor air quality is a fairly technical one 
and not well understood by those most affected by it. Terms such as parts per billion 
and micrograms per cubic meter often mean little if anything to the public. The 
toxicological implications of the chemicals measured at these concentrations are still 
open to debate among the experts and, as such, cannot be easily boiled ' 1 down into 
compact ideas for general consumption. 

In spite of, or perhaps because of, the problems in accurately disseminating this 
information in a non-technical manner, special interest groups have a tendency to take 
one small portion of the available information and create a series of "sound bite" 
releases of it to further their own cause. This does nothing: towards helping the 
public become more understanding of the causes or overall risks of indoor air 
pollution. On the contrary, it tends to foster either an unreasonable phobia or an 
equally unreasonable indifference to the situation. 

Because of the technical nature of the subject and the misconceptions that are being 
fostered at some levels, there is a definite need for visual aids which will simply, 
yet accurately, demonstrate indoor air quality as it exists in typical environments 
and the factors which can affect it. 

This paper describes a computer model which' will generate charts on which: 
concentrations of various chemicals typically found in indoor air are represented by 
a specific number of dots. It will allow people to view various levels of indoor air 
components in relation to each other and in relation to a recognized set of health 
standards, the OSHA Permissible Exposure Limits (PEL). The computer program is set up 
so that the various factors affecting these levels in indoor environments can be 
manipulated to show the effects of improving ventilation and/or removing individual 
point sources by simply changing the values entered into the program. 
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Literature data available on general indoor air quality and point sources which, have 
been'shown to affect it were used to test the model. The point source which, was chosen 
to test the model was environmental tobacco smoke (ETS). ETS is the only visible 
constituent of indoor air and it has a very distinctive odor. As a result, it is 
usually accused of being the major source of chemicals in the air. It has also become 
the subject of a considerable amount of controversy and research. This makes it an 
attractive point source for demonstration purposes. 

It is important to keep in mind that all of the data used to test the model were taken 
from existing studies on indoor air quality. The level of constituents used in the 
model and the percent assigned as being produced by ETS are only as accurate as the 
information available in the literature. More refined studies such as those by Oldaker 
(1) will 1 allow the model to predict more accurately the true relationship' between 
constituents dependent upon source strength, ventilation and filtration. 

CHART DEVELOPMENT 

The goal of this project is to be able to represent various levels of air quality 
visually so that they can be easily interpreted by non-technical persons. To do this, 
a computer model was developed which, would represent the concentrations of up to 
twenty five different components of indoor air with a given number of dots on a chart. 
It is important to be able to produce an accurate representation of these substances 
on the charts so that the person using them is given a relatively unbiased view of the 
constituents in a room and the concentrations produced by the individual source being 
evaluated. 

One of the important stages in producing an accurate chart is determining, what 
concentration of a component should be represented as a unit (one dot on the chart), 
the "unit concentration". Since the primary concern related to indoor air quality is 
that of health effects, the unit concentrations are based on OSHA’s Permissible 
Exposure Limits (PEL) using, their 8 hour Time Weighted Average (TWA) concentrations. 
OSHA, over the years, has attempted to regulate substances in the air in workplace 
environments at levels where, below which, they calculated that there was an 
insignificant chance for a health risk to the workforce. 

Our unit concentrations and dot calculations were developed as follows: 

1. The level at which OSHA regulates the individual component was divided by 
500. This number was chosen, because, using the concentrations of chemicals commonly 
found, in indoor environments, it produces a number of dots on the charts which are 
easily managed. (OSHA regulates carbon monoxide at 35 ppm. 35 ppm divided by 500 * 
0.07 ppm. The unit concentration for carbon monoxide is 0.07 ppm.) 

2. The concentration of the component is then divided by the "unit 
concentration", (e.g. Carbon monoxide levels ini indoor environments may be found to. 
be 3.0 ppm. 3.0 ppm divided by 0.07 ppm.- 42.8. Carbon monoxide would be represented, 
on the chart with 43 dots.) 

In using this procedure, the chemicals which are regulated by OSHA at lower levels 
would have a smaller unit concentration.. They would then be given more dots on the 
chart relative to those regulated by OSHA at a higher concentration. 

For example: Ammonia is regulated by OSHA at 50 ppm. Sulfur dioxide is regulated by. 
OSHA at 2 ppm. The unit concentration for ammonia would be 0.1 ppm. The unit 
concentration for sulfur dioxide would be 0.004 ppm. If both gases were present in a 
room at a concentration of 1 ppm, ammonia would be represented by 10 dots on the chart 
and sulfur dioxide would be represented by 250 dots on the chart. 


Thus, indoor air components are shown on the charts relative to their contribution to 
an established exposure limit and not just relative to their concentration in the room. 

Chart Descriptions : To effectively demonstrate indoor air components in a specific 
environment,, the effect of point source modifications, ventilation modifications and' 
a toxicological assessment of them, five different charts are created. 
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unari one snows a mixture of the chemical components chdsen to be modeled that are 
present in concentrations which add up to 100% of the OSHA PEL. OSHA regulates 
mixtures of chemicals by determining the concentration of a given chemical in the air 
and dividing that concentration into the PEL for that chemical. This produces a figure 
which represents the percentage of the PEL taken up by that chemical. This process is 
repeated for each of the individual components, generating percentage values for each 
component. These percentages are then added together. If the sum of the values is 
less than 1.0 (or 100%) then the PEL for the mixture has not been reached. If the 
total of the percentages is equal to 1.0 then the concentration of the mixture is at 
the PEL for that mixture. The first' chart is generated by performing these 
calculations and determining what concentrations of the chosen chemicals will combine 
to total 100% of the PEL for that mixture. Each of these calculated concentrations is 
then assigned a number of dots on the chart using the "unit concentration" for that 
chemical. 

Since the "unit concentration" for any given chemical is 1/500 of the OSHA PEL of that 
chemical, this mixture at the OSHA PEL has 500 dots on it. This first chart provides 
a visual representation of an environment which is believed by OSHA to provide no 
significant health risk if one is exposed to it 8 hrs/day, 5 days/week. This can 
provide the basis for a semi-quantitative comparison of any. given indoor environment 
with a mixture of the same substances that is at the OSHA PEL. 

Chart two shows a mixture of the same chosen indoor air components in concentrations 
at which they are measured in the environment being monitored. 

Chart three shows the result of simply removing the point source. To do this, two sets 
of values are used; the measured concentrations used for chart two and the calculated 
percentage of each component produced by the point source being monitored. Entering 
these two values into the computer model generates a chart which shows the effects of 
simply removing the point source. 

Chart four illustrates the effect of improved ventilation on the indoor air illustrated 
in chart two. 

The model that was used to predict the new indoor component concentrations that would 
be found with improved ventilation! is dependent upon three variables: A) the outdoor 
concentration of the component, B) the rate of the production of the component 
indoors and C) the ventilation of the building. 

A) The outdoor contribution of each component can be determined by measuring the 
same chosen components outside as well as inside of the building. 

B) The rate of production of the various components indoors is calculated using 
data known to apply to the source being evaluated or by using the following equation: 
S - A*V*(Cin - Cout). 

Where: S - Source Strength 

A - Current Ventilation Rate 
V « Room Volume 

Cin and Cout « Indoor and outdoor 
concentration of the chemical. 

C) The ventilation rate is the desired improved rate. 

The following formula from Wadden and Scheff (2) was used to model the effects of 
ventilation rates on indoor air concentrations: 

Ci»(C[iil£NEiICol)+Sil[l-2.7183’ ICCM1f>T ]+.(Cs(2.7183* lt<a * 01,,T ]: 

KCQ+QIF) 

Where Ci » The new indoor concentration. 

Co » The outdoor contribution to the indoor cone. 

Cs « The starting indoor concentration. 

Q - The make-up ventilation rate in air changes per hour (ach). 

Q1 - The recirculation ventilation rate in ach. 

S - The net source emission rate. 
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T - Tihe time at the new vent i 1 at ion rate. 

K - Mixing factor. 

F - Filter efficiency. 

Entering the value for these variables into the computer model generates a chart 
representing the chosen components in the concentrations they would have at that 
ventilation: rate. 

Chart five will calculate the effect of removing the point source and improving 
ventilation!. It combines the calculations used to generate charts 3 and ; 4 to generate 
a new chart with both modifications in place. 


MODEL TEST USING LITERATURE DATA 

Tio test this model the available literature on indoor air quality and ETiS was reviewed. 
Though the program will evaluate up to twenty five different components, thirteen 
components which are commonly found in indoor air were chosen to be evaluated. These 
components were chosen because they are commonly found in indoor environments and there 
is a substantial amount of literature available pertaining to them. Levels of these 
components which had been measured' in indoor environments, and the percentage of the 
chemicals believed to be produced by ETS were recorded. Table 1 shows the results of 
this 1 iterature searchi. 


TABLE 1: INDOOR AIR CONSTITUENTS: 

CONCENTRATION RANGES 

FROM THE 

LITERATURE 

COMPONENT 

RANGE CITED 

CITATION FOR % 

INDOOR ATR 

FROM 

ETS 

CITATION FOR 
% FROM ETS 

Carbon Monoxide 

NO - 242 pptn 

3, 4, 5, 6, 7 

8. 9. 10. 11 

15% 

9, 10 

Ammonia 

5 DDm 

12 

3% 

5 

Formaldehyde 

0.02 - 3.5 com 

8. 12. 13. 14. 15. 

5% 

7, 16 

Ozone 

0.03 - 0.23 oom 

17 

0% 


Oxides of Nitrogen 

NO - 800 ug/m3 

5, 7, 8, 11 

12. 13. 14. 18 

12% 

7, 11, 18 

RSP 

0 1 - 1,088 ug/m3 

1, 5, 7, 9, 

10. 11. 13. 14. 

50% 

19 

A1kanes 

34 - 327 uq/m3 

20 

5% 

21 

Chlor. Hyd. Car. 

2.5 - 43 uo/m3 

19. 20. 21 

0% 


8enzene 

NO - 109 uo/m3 

4. 7. 11. 14. 21 

35% 

21 

Sul fur Dioxide 

ND - 0.17' DDm 

8. 13 

20% 

22. 11 

Nicotine 

ND'- 112.4 ug/m3 

I, 3, 7, 9, 10, 

II, 22, 23, 24, 

25. 26. 27 

100% 

5 

BenzofalPyrene 

0.25 - 23.4 no/m3 

7. 11. 14 

5% 

7. 11 

BioTogicals 

500 - 1,000 cfu/m3 

14 

0% 



The second part of this project involved the estimation of a typical concentration for 
each chemical. This was, by necessity, a very subjective task. The concentrations of 
a given 1 component documented in indoor environments often vary by more than an 1 order 
of magnitude. In some of the studies, concentrations measured in rooms with the point 
source (ETS) present showed lower levels of constituents than rooms with the source 
absent. It was necessary, though, to be able to assign specific values based on the 
current literature that may be expected to be found in typical indoor environments. 
To assist with the selection process, the following assumptions were built into the 
process: 

1. The ventilation in the building (make up air) is less than 5 cfm/person. 

2. The building is relatively new. Hence it is a "tight" building and the 
furnishings and building materials are still emitting some of the compounds used : in 
their manufacture. 

3. Approximately 20% of the people in the building are smokers. 

4. Smokers are estimated to smoke one cigarette/hr/smoker. 

5. Occupancy of the building is assumed to average 1 person/150 sq.ft. 
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6.. The ceilings in the building are 8 ft. high. 

7. The building is in an urban setting. Automotive exhaust fumes and ozone are 
significant sources of chemicals in the outdoor air. 

The results of these value assignments are shown in table 2. 


TABLE 2: TYPICAL INDOOR AIR COMPONENTS 


COMPONENT 


Carbon Monoxide 
Ammonia 
Formaldehyde 
Ozone 

Oxides of Nitrogen 
RSP 

Alkanes 

ChTor. Hyd. Car. 
Benzene 

Sulfur Dioxide 
Nicotine 
Benzo(a)Pyrene 
8iologicals 


TYPICAL 

CONCENTRATION ' 

3.5 mg/m3 (3 ppm) 
2.0 mg/m3 (3 ppm) 
600 ug/m3 (300 ppb) 
40 1 ug/m3 (20 ppb) 
100 ug/m3 (85 ppb) 
80 ug/m3 

50 ug/m3 (17 ppb) 
30 ug/m3 (5.5 ppb) 
15 ug/m3 (5 ppb) 

15 ug/m3 (6 ppb) 

8 ug/m3 (1.2 ppb) 
4 ng/m3 (0.36 ppt) 
500 cfu/m3 


CONCENTRATION 
LESS ETS 

3.0 mg/m3 (2.6 ppm) 
1.94 mg/m3 (2.9 ppm) 
570 ug/m3 (214 ppb) 
40 ug/m3 (20 ppb) 

88 ug/m3 (75 ppb) 

40 ug/m3 

47.5 ug/m3 (16 ppb) 
30 ug/m3 (5.5 ppb) 

9.8 ug/m3 (3.25 ppb) 
12 ug/m3 (4.8 ppb) 
0.0 ug/m3 (0.0 ppb) 

3.8 ng/m3 (0.34 ppt) 
500 cfu/m3 


The OSHA PEL for each of the thirteen components chosen was needed to determine the 
’unit concentration" for each component. Table 3 shows the OSHA PEL for each of the 
thirteen components chosen to test the model (28). Some of the components did not 
have a specific PEL associated with them. 


TABLE 3: OSHA PERMISSIBLE EXPOSURE LIMITS 
Component OSHA 


m. 


Carbon Monoxide 

35 ppm 

AmmonLa 

50 ppm 

Formaldehyde 

3.0 ppm 

Ozone 

0.1 ppm 

Oxides of Nitrogen* 

5.0 ppm 

RSP 

5 mg/m3 

Alkanes* 

50 ppm 

ChTor. Hyd. Car.* 

10 ppm 

Benzene 

1 ppm 

Sulfur Dioxide 

2 ppm 

Nicotine 

0.07 ppm 

Benzo(a)Pyrene 

0.02 ppm 

Biologicals 

50 cfu/m3 


♦These components are mixtures of chemicals. 

A value for the PEL was chosen which is 
believed to be a conservative representation 
of the components of that mixture. 

Since biologicals are not regulated, a value 
was chosen which allowed that component to be 
represented at a level similar to the rest. 


The outdoor contribution of each component is given in Table 4. These values were 
estimated from papers by Sterling (8) and Yocum (17). These papers listed various 
constituents commonly measured in indoor environments and the relative contribution 
of outdoor and indoor sources of each. They are also based on the assumption, that the 
indoor source is in an urban area where automotive exhaust and ozone are significant 
sources of chemicals. 
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TABLE 4: 


PERCENTAGE OF INDOOR AIR CONSTITUENTS PRODUCED FROM OUTDOOR SOURCES 
Comoonent X From Outdoor Sources 

Carbon; Monoxide 

60% 

Ammonia 

ox 

Formaldehyde 

0% 

Ozone 

IOOX 

NOx 

2 OX 

RSP 

25X 

A1kanes 

60X 

Chlor. H.C. 

30X 

Benzene 

5 OX 

S02 

6 OX 

Nicotine 

OX 

BaP 

8 OX 

Biologicals 

6 OX 


The rate of production of the various components was calculated using the following: 
steps. 

1. The production of various components found in ETS (in ug/cigarette): was 
calculated using the steps and assumptions outlined below. 

A. The Mainstream Smoke (MS) Quantities and SS/MS Ratios were taken from 
the tables in the Surgeon General’s and NAS reports on ETS. 

B. The SS Qty./tigaretta was determined by calculating the value that is 
1/3 the way between the min. and max. value of each category. This is an estimate of 
the mean value based om Oldaker (!) who states that individual values tend to be 
distributed log-normally throughout the range. 

C. These "average" MS quantities and "average" SS/MS ratios were then 
multiplied together to provide "average" quantities of each component generated in the 
SS portion of the cigarette smoke. 

Q. * Indicates components for which no figures are cited in the NAS or 
Surgeon General’s reports or for which direct measurements exist in other publications. 

E. RSP values are calculated as the midpoint between the figure of 26 
mg/cigarette cited in the NAS report for calculating RSP concentrations based' on the 
number of cigarettes smoked in a room and a measurement of 10 mg/cigarette particulate 
production in SS by lofroth (5). 

F. Formaldehyde values are from a paper by Godish (16) which assessed the 
contribution of ETS to formaldehyde concentrations in indoor air. 

These values can be seen in Table 5. 


TABLE 5: SIDESTREAM (SS): PRODUCTION QUANTITIES FROM CIGARETTE SMOKE 


Carbon Monoxide 

10000 

23000 

Ammonia 

50 

130' 

Formaldehyde. 

# 

* 

Ozone 

0 

0 

NOx 

100 

600 

RSP. 

* 

* 

Alkanes 

* 

* 

Chlor. H.C. 

0 

0 

Benzene 

12 

48 

S02 

* 

* 

Nicotine 

1000' 

2500 

BaP 

20(ng) 

40(ng) 

Biologicals 

0 

0 


0 0 


4 

10 

1600 

* 

* 

18000 

★ 

★ 


0 

0 

0 

5 

10 

160 

* 

* 


2.6 

3.5 

4250 

2 - 5(ng) 
O' 

3.5(ng) 

75.5(ng) 

0 

0 


Component MS Qty. (ug) SS/MS Ratio SS Qty./cigarette 

_ Min. Max. Min. Max. _[uo]_ 

2.5 4.7 46344 

40 170 6389 

* * 740' 

0 
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2. These were combined with: the occupancy, room size and smoking rate 
assumptions to generate point source strengths in ug/m3/hr or ppb/hr. as is shown in 
Table 6 using the following information. 

A. At an assumed density of 1 person/150 ft2 and 8 ft. ceiling there will 
be 1 person/1200 ft3. 

B. If 20% of the people are smokers there will be 1 smoker/6000 1 ft3. 

C. At 35.32 f13/1 m3 there will be 1 smoker/170 m3. 

D. If smokers smoke 1 cigarette/hr then the quantity of a given component 
produced by one cigarette will be released into 170 M3 of voliume every hour. Thus, 1 
cigarettes qty/170 » ug/m3/hr of production of that component. 

E. * Alkane and sulfur dioxide source strengths are simply estimates based 
on the values used to generate charts 1 & 2. 

F. Literature sources indicate that some components of ETS are accumulated 

in a room at much lower rates than would be calculated from the sidestream generation 
rates. This is due to oxidation reactions, evaporation and deposition to various 
surfaces in the room. These "sinks" cause the removal of these components which is 
independent of ventilation. Based on the figures cited in Baker et aT. (29) the 
following factors were used to determine net source strengths (production rate minus 
removal by sinks) of the following components: A) Oxides of Nitrogen, Source strength 
X 0.8 « Net Source Strength; B) RSP, Source strength X 0.4 - Net Source Strength; 

C) Alkanes, Source strength X 0.8 * Net Source Strength; D) Nicotine, Source strength 
X 0.5 - Net Source Strength:. 


TABLE 6: SOURCE STRENGTHS FOR VARIOUS COMPONENTS OF ETS 


Component 

Source Strength 
(ua/m3/hrl (ppb/hr) 

Net Source Strength 
(ppb/hr) 

Carbon Monoxide 

272 

234 


Ammonia 

38' 

54 


Formaldehyde 

4.4 

2.8 


Ozone 

0 

0 


Oxides of Nitrogen 

9.4 

8 

6.4 

RSP 

105 


42.4 (ug/m3): 

Alkanes 

* 

0.5 

0.4 

Chlor. Hydl Car. 

0 

0 


Benzene 

0.9 

0.3 


Sulfur Dioxide 

★ 

1.0' 


Nicotine 

25' 

3.8 

1.9 

Benzo(a):Pyrene 

0.44(ng) 

0.04 (ppt/hr) 

Biologicals 

0 

0 



Though it is assumed that there are other indoor sources for the components, the 
production rate is calculated to be from' the smokers only. 

To show the result of removing the point source (ETS), we used two sets of values; the 
typical concentrations used in table two and the calculated percentage of each 
component produced by ETS depicted in table 1. Entering these two values into the 
computer model! generates a chart which shows the effects of simply removing the point 
source, in this case, removing environmental tobacco smoke. 

To illustrate the effect of improved ventilation on the indoor air illustrated in chart 
two improved ventilation rates needed to be assigned. Tihe ventilation rate was 
increased to 20 cfm/person, the rate recommended by the American Society of Heating, 
Refrigeration and Air Conditioning Engineers (ASHRAE). With the assumptions of 1 
person/150 ft2 and 8 ft. ceilings this is the equivalent of 1 air exchange/hr (I ach). 
The mixing factor and time at ventilation were assigned values of 1.0 and 24 hours, 
respectively. 

The purpose of this overall exercise was to generate visual representations of indoor 
air with and without a specific point source (in this case, ETS) and with and without 
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improved ventilation/filtration., This is made possible once one determines: 

a. The typical concentrations of the components to be evaluated. 

b. The point source of concern. 

c. The rate of production of the components in an indoor environment. 

d. The percentage of each component produced from outside sources. 

e. Desired ventilation parameters. 

It was also possible to compare these levels of indoor air quality with a similar 

indoor environment that would be the maximum acceptable concentration of components 

allowed by OSHA. The results of this can be seen in charts 1 - 5. 



« ♦ •: #• * 



CHART <1 

INDOOR AIK CONSTITUENTS AT THE OSKA PEL 




CHART 12 

TYPICAL INDOOR AIR WITH SMOKING ALLOW 



CHART tZ 

TYPICAL INDOOR AIK WITH HO SHOKIHC 
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CONCLUSION 

The Visual Indoor Air computer modeling program will produce dot charts which allow for 
easy comparison of indoor air quality parameters. It is set up so that if actual 
measurements of a specific situation are available these values can be entered into the 
program to model a real life situation. In the absence of these measurements, values 
obtained from literature sources can be readily used to model hypothetical; situations. 
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ERRATUM 


Pedelty, J.F. and Holcomb, L.C. 1990. Env. Technol. 11 .1053-1062♦ 

The equation: 

Ci= KrfOtl-Ft £Co11±SJl1 [1-2.7183* K<0+Q1F)T ] + [Cs (2.7183' kc °* 01f>t ]i 
K(Q+Q1F) 

on page 1055 should be changed to read: 

Ci^ TKfiCn fl-F^ fCon+S n- 2.718 3 '» Q * Qlf > T H- [Cs ( 2 .7183' lt<0+Q1F)T ) ] 

K(Q+Q1F). 

This is a typographical change in the text only. The results based on 
the model are not affected. 
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ASHRAE: ADDRESSING THE INDOOR AIR QUALITY 
CHALLENGE WITH ENERGY CONSCIOUS DESIGN 

H.E.B.Borroughs 

ASHRAE I DC-, 1791 Tulbe Circle NE, Atlanta, GA 30329, USA 


ABSTRACT 

The paper reviews how the issue of poor indoor air quality is affecting the 
heating, ventilation, air-conditioning, and refrigerating industry and emerging 
technology; the position of the American Society of Heating, Refrigerating and 
Air-Conditioning Engineers (ASHRAE) on.indoor air quality; the impact of 
ASHRAE's revision of Standard 62, ’’Ventilation for Acceptable Indoor Air 
Quality,” which is expected to be approved in 1988; the importance of the 
indoor air quality issue in the United States; recently approved and pending 
legislative and regulatory activities; and ASHRAE's role in providing safe and 
healthy environments in regards to indoor air quality. 

It is a pleasure and honor to join you at this International Conference on 
Indoor & Ambient Air Quality. The interest of the American Society of Heating, 
Refrigerating and Air-Conditioning Engineers ('ASHRAE) 1 in indoor air quality 
goes back to the formation of the organization 1 s predecessor society in 1895. 
Today, the activities of ASHRAE in the area of indoor air quality. (IAQ) and 
ventilation include research, stanoards-writing, and education through 
seminars, conferences, speaking engagements, and publications. 

In 1895, the recommended ventilation rate was 30 cubic leer per minute 
(cfm) of air per person. This amount of outdoor air was found to be necessary 
to control human body odor in buildings. Odor, a primary component of air 
quality was the issue. As personal hygiene improved in the early part of this 
century, ventilation rates were reduced. 

Recently, IAQ has been a subject of increased concern because indoor 
contaminant levels and exposures frequently exceed those encountered outdoors, 
many new products are being introduced into the indoor environment that provide 
increased levels of exposure, and energy conservation measures that reduce 
ventilation rates can elevate indoor contaminant concentrations. Let me note 
that inadequate ventilation is not a source of indoor contaminants but, rather, 
allows contaminant levels from existing sources to be elevated. 

Researchers have learned that indoor air contaminants nay affect occupants 1 
health by causing discomfort, annoyance, or even well-defined diseases. These 
illnesses result in reduced employee productivity and thousands of dollars in 
lost manhours. When the sources of indoor pollution are identified and the 
problems corrected, the pattern of increased employee absenteeism is 
irmoediately reversed. Initially,, the problem is to identify the sources of 
indoor air contaminants. Contaminants may originate from the building’s 
furnishings and materials, equipment operation, and occupants and their 
activities. 
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An additional major source of indoor pollution may be the outdoor air which 
is taken into a building. The results of an indoor air quality study conducted 
by the National Institute for Occupational Safety and Health found that in 11 
percent of the 446 buildings investigated the source of the poor air quality 
was the outdoor air. The intake air may be polluted with carbon monoxide, 
nitrogen dioxide, and hydrocarbons from automobile exhaust, as well as 
hydrocarbon exhaust from commercial kitchens. 

From my experience of environmental engineering in heavy industry, some 
conclusion can be drawn from the accumulation of knowledge in this technology 
that address indoor air quality; 

* Adequate Make-Up Air. Used for positive pressurization, large quantities 
of oake-up air were necessary to insure against infiltration from structural 
leakage and door openings and traffic; large equals 20 to 40 percent and as 
much as 100 percent outside air. What does this tell us about the IAQ problem 
of inadequate ventilation air for indoor air quality? 

* Treated Outside Air. Extensive filtration treats outside air to preclean 
it from gas phase and particulate contaminants; often, dropping sulphur 
concentrations by three orders of magnitude from part per million range to low 
part per billion range. Is your outside make-up air really clean enough to 
provide contaminant reduction through dilution or are you merely re-entraining 
more of different contaminants? 

* High Internal Air Change Rates. Cleansing air to fractional part per 
billion contaminant range requires repeated and constant scrubbing by sorption 
and filtering units. Sometimes 10 and 20:air changes are not unusual. What 
does this say to us about VAV systems with "zero" air change or the whole issue 
of ventilation efficiency?, 

* Humidity Control. The conditioned space requires tight humidity control in 

the 50 to 55 percent range, but also demands very low variations of relative 

humidity, no more than two percent variation an hour., This gives us some clue 
as to the need to understand the inter-relationship of moisture content or air, 
either relative or absolute, with contaminant levels and perception phenomenon. 

At the ASHRAE-sponsored conference IAQ 87„ a case was cited in which 
outdoor air contaminated an office building, resulting in an employee 
absenteeism increase of 600 percent for two consecutive months compared to the 
same two-month period in the previous year. The employer was alartoed when 

manhour losses soared from 50 hours in April and May, 1985, to 300 to 350 hours 

in April and Hay,, 1986. The outdoor air problem was caused by grease fumes 
emitted from a restaurant. After the restaurant’s grease fumes were 
discharged, they were not diluted by being carried up above the building. This 
is fundamental in the prevention of indoor air quality problems. In downtown 
locations, exhaust fumes should be released at the highest point of the source 
building. After $25,000 in lost manhours in a five-month period, after a 600 
percent increase in employee absenteeism in a two-month period, and after five 
months of negotiations, the restaurant owner agreed to install a new fan and 
ductwork. However, odors still persist to this day. 

Building designers need to carefully evaluate the air flow over buildings 
and the air movement around buildings to minimize the amount of contaminated 
air entering occupied spaces. Once contaminated outdoor air has entered an 
office building, it will affect employee health, comfort, productivity, and 
absenteeism. The environmental controls for buildings need to serve three 
basic functional needs: comfort, health, and productivity. 

Many cases of so-called "sick buildings" have been investigated, and 
physical causes for occupant complaints documented^ Causes of poor indoor air 
quality include lack of system maintenance, changes to thermal and contaminant 
loads imposed during the lifetime of the building, changes in control 
strategies to meet new objectives during the lifetime of the building, and 
Inadequate design of the original system. Problems of inadequate design 
include inadequate outdoor makeup air for ventilation, contaminated makeup air, 
poor air distribution within buildings and rooms, and unbalanced exhaust air. 
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Once ventilation air has entered the building it Bust be properly 
distributed to occupants to avoid poor or bad ventilation. If portions of a 
building are leased to tenants, redesign of that space, such as erecting 
partitions or changing an executive office to a conference room, can 
dramatically affect the air distribution design or the required ventilation 
rate. 

In 1973, ASHRAE published its first standard directly addressing 
ventilation: Standard 62-73, "Standard for Natural and Mechanical 
Ventilation." This standard specified ventilation rates using two sets of 
criteria: minimum ventilation rates to accommodate energy conservation 
(typically 5 cfm per person) and recomaended ventilation rates for comfort in 
odor-free environments (typically 15 cfm per person). Other important 
considerations included the recognition of recirculation air and filtration 
systems for ventilation and the need for cleaning outdoor air when its quality 
was not acceptable. No mention was made, however, of the the nature of indoor 
pollutant sources and their impact on indoor air quality. 

In response to concerns about energy consumption in buildings, in 1975 the 
organization published ASHRAE Standard 90-75, "Energy Conservation in New 
Building Design." Standard 90, which has been adopted ih whole or in part by 
building codes in all 50 states in the United States, recommended that the 
minimum ventilation rate in Standard 62 be used for design purposes. This 
requirement had the effect of eliminating the established recomaended values 
for ventilation and caused concern that the quality of indoor air would be 
compromised. When Standard 62 was revised and published in 1981 it listed 
required ventilation rates for nonsmoking and smoking areas rather than minimum 
and recommended values. Other criteria in addition to no smoking were required 
for designing a system utilizing 5 cfm, such as special air cleaners. A no 
smoking environment was, by itself, not sufficient for 5 cfm. 

ASHRAE Standard 62-1981 is now being revised and is expected to be 
published this year. It is helpful to consider some of the major changes that 
have been made and the rationale for these changes. The distinction between 
smoking permitted and smoking prohibited has been abandoned, therefore 
reaffirming ASHRAE's recoroended ventilation rates. The proposed revision to 
Standard 62 reccnmnends the same cfm for office spaces as the existing standard 
recommends for that same space if any smoking is allowed. After all, how many 
office buildings are truly managed and operated as strictly non-smoking 
buildings? 

Research undertaken since 1981 shows that occupants have a negative 
response to C02 at a room concentration of 0.25 percent (the level with 5 
cfm). Previously, it was assumed from experience with submarines, industrial 
settings, and bomb shelters that healthy people could tolerate 0.5 percent 
C02. On that basis, it was thought that 0.25 percent C02 was a sufficient 
safety margin. 

More recent studies show, however, that the space will develop considerable 
odors and occupants will find the atmosphere stuffy and too warm. It is 
necessary to reduce the C02 level to 0.10 percent or lower to avoid these 
effects. The World Health Organization, European countries, and Japan all have 
adopted 0.10 percent C02 as the recommended limit. This requires 15 cfm per 
person of outdoor sir. At this ventilation a minimum amount of tobacco smoke 
can be tolerated. If we assume that we are going to satisfy only 70 percent of 
the population who are nonsrookers, and that the smokers (assuming 30 percent of 
the occupants) are smoking at s rate of 1.7 cigarettes per hour (a minimum 
amount of smoking), the 15 cfm of outdoor sir is required. 

Can filters still be used to reduce the amount of ventilation aiT? The 
recommended 15 cfm is the amount of ventilation required to dilute contaminants 
to acceptable levels. Therefore, it is necessary that at least this amount of 
atr be delivered to the conditioned space whenever the building is in use 
except for times of intermittent or variable occupancy. Properly cleaned air 
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may be circulated. But, for other than intermittent or variable occupancy, the 
portion of outdoor air ahould not be less than 15 cfm per person^ 

The proposed revision to Standard 62 specifies rates which vary from a low 
of 15 cfm per person (for areas such as hotel dormitory sleeping areas, 
lobbies, and office reception areas) to 60 cfm per person for smoking lounges. 

A number of applications in the proposed revision of the standard were reduced 
from 25 cfm per person as specified in the 1981 document to 20 cfm. 

ASHRAE Standard 62-1981, although admittedly not comprehensive, remains the 
roost generally recognized standard in the United States for providing 
ventilation for acceptable indoor air quality. It is, therefore, appropriate 
to discuss how the standard should be used to achieve its purpose of specifying 
minimum ventilation rates and ihdoor air quality that will be acceptable to 
human occupants, which are intended to avoid adverse health effects. It should 
be noted that an ASHRAE standard has no mechanism for enforcement. Provisions 
of the standard must be written into a building code before the standard can be 
enforced. It represents the collective judgement of people active in the 
technology being addressed as to what is a realistic and acceptable level of 
performance. 

ASHRAE supports and encourages the use of voluntary consensus standards by 
the public sector. A major objective of the Society is to establish a formal 
procedure for obtaining effective participation of public-sector organizations 
in the identification of the need for specific standards and in the development 
of those standards. Standard 90, used as a consensus resource document in 
building codes in all 50 states, is credited with reducing energy consumption 
in commercial buildings by 25 percent. One of the reasons Standard 90 has had 
such an impact at the national, state, and local levels is because of the 
important participation of public sector and private sector in its 
development. It therefore follows that ventilation standards can be used to 
ensure acceptable indoor air quality, and a voluntary consensus process can 
effectively establish ventilation standards. 

Another recommendation of ASHRAE*s, as stated in its Position Paper on 
Indoor Air Quality, approved by the Board of Directors on August 1,, 1987, is 
that the revised Standard 62, when approved, be widely disseminated and 
referenced by building codes. 

Increasing research is another recommendation presented in the position 
paper, which is guiding ASHRAE's indoor air effort. Of particular importance 
is research on health effects and control through engineered systems of radon, 
asbestos fibers, unvented combustion appliances, formaldehyde, tobacco smoke, 
and volatile organic compounds. Every year, ASHRAE invests more than one 
million dollars in research. The principles behind conducting the research 
program are that the results benefit all people, it is not just for the present 
but for the future, and it is not directly aimed at product development but 
instead at the discovery of generic scientific and engineering principles. 

Since 1969, ASHRAE has sponsored 14 research projects specifically on 
ventilation requirements and indoor air pollutants. The Society has set goals 
to be achieved within the next couple years which will increase its 
expenditures in research from 1.25 million to 2 million dollars, and which will 
triple research expenditures in the areas of occupant health and safety, 
including indoor air quality. 

findings from one such ASHRAE research project, "Indoor Air Quality 
Evaluation of Three Office Buildings," were presented at the third annual 
ASHRAE-sponsored indoor air quality conference, April 11-13, 1988, in Atlanta, 
Georgia. This was the first documented study of an office complex specifically 
constructed to minimize indoor air pollution. In the study, this complex wes 
compared with two other similar office complexes that were not specifically 
designed to reduce pollutant levels. Little documented data on pollutant 
concentration in offices are available, making the findings of this study 
extremely important., The ability to field-measure existing levels of 
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pollutants and to determine their concentration levels in operating condition* 
will aid in the assessment of health effects of various indoor pollutants. 

An area in which federal government involvement is greatly needed is in 
research. ASHRAE specifically states in its position paper that support by the 
federal government for research in all non-proprietary areas of indoor air 
quality, including health effects, measurement methods, modeling, and control' 
technology, should be substantially and selectively increased. The industry 
desperately needs research so that building designers, owners, landlords, 
employers, and tenants alike can know what acceptable indoor air quality 
is--when and whether you have it and how to correct deficiencies if they occur. 

Legislation, which is taking a research oriented thrust, will 1 help provide 
this data. Specific needs include: 

* Exposure and dosage data and basic physiology information to establish 
target levels for known harmful contaminants. 

* Ventilation efficiency.,:.. in both dilution effectiveness as well as dynamics 
of air distribution; system design, such as VAV boxes; and even dynamics of air 
from diffuser to the occupant in a room. In this regard we must dispel the 
myth of 5 cfm per person minimum and re-establish 15 cfm as minimum. 

* Development of diagnostic and remedial protocols and practices for 
monitoring, diagnosing, or remedying buildings demonstrating sick building 
syndrome. 

* Studies of occupant populations to establish cost effectiveness values and 
payback rates on the cost of health related absenteeism and loss of 
productivity. 

The key to solving current and future indoor air quality problems will be 
research. Each year, the task of maintaining acceptable indoor air quality 
becomes more difficult as new chemicals are introduced into our indoor 
environments and as we learn more about the harmful effects of airborne 
contaminants. 

Greater awareness has resulted in attitude changes which will make all our 
jobs easier: 

* No Smoking. The recognitioniby management that smoking is inherently 
harmful to the electronics and to human health has resulted in a commitment to 
manage that exposure to environmental tobacco smoke. 

* Focus on Long-Term Costs Not Short-Term Costs. The short-term cost of air 
scrubbing can range from 3 to 30 dollars per cfm, but the long-term cost is far 
greater than even replacing the computers, for it means lost production. How 
does this compare to building owners looking at short-term cost per rentable 
square footage going into a mechanical room, versus the long-term cost of 
losing an entire tenant floor or even owning a non-oocupable "kick building." 

* Maintenance Mentality. A strong commitment to preventative maintenance is 
mandatory to keep scrubbing units and mechanical systems operating at peak 
performance. 

ASHRAE will continue to provide guidance for design, installation, 
operation, and maintenance; develop and promulgate standards; and encourage 
interactions with other groups that have similar objectives. To identify and 
characterize factors of the environment that are affected by heating, 
ventilation, air-conditioning, and refrigeration systems, equipment, operation, 
and maintenance and that have adverse effects on occupant health and comfort is 
a challenge continuously addressed by ASHRAE. 

It is ASHRAE's concern that we maintain good indoor air quality through 
energy conscious design. But successful energy conservation and good indoor 
air quality are highly dependent on building performance. Mechanical systems 
must be properly maintained in order to provide continuing comfort, air 
quality, and operating economy. 

The challenge will continue for building designers, owners, and operators 
to balance the quality of the indoor environment with low operating costs 
through energy efficiency. 


Source: https://www.industrydocuments.ucsf.edu/docs/zqyxOOOO 


2023383906 









innovative, and cost-effective solutions. But we must present a uniform 
platform for addressing this "challenge of the decade." Ve ire challenged to 
ensure that each individual works in an environment with acceptable indoor air 
quality, and challenged to ensure that our work force operates in safe and 
healthy surroundings. 
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THE HVAC COSTS OF INCREASED 
FRESH AIR VENTILATION RATES 
IN OFFICE BUILDINGS, PART 2 

Joseph R Eto 

Lawrence Berkeley Laboratory 
University of California 
1 Cyclotron Road 
Berkeley, California 
USA 94720 


This study reports on predicted changes in annual energy operating costs that result from 
increased minimum outside air ventilation rates. The analysis is based on parametric DOE-2.1C 
simulations for typical small and medium office buildings in ten U.S. cities. In the simulations, 
minimum ventilation rates are increased from 5.0 liters per second per person (L/s.personXlO 
cfm/person) to 17 S L/s.person (35 cfm/person). Annual building energy costs are calculated 
using current electricity and natural gas tariffs for each location. The results suggest that, for 
the buildings, climates, and economic conditions examined, increasing minimum outside air 
ventilation rates, from the lowest level to that called for by the current ASHRAE Standard (10 
L/S.person) will have small impacts cm annual building energy costs. We found an avenge 
of 5% for the small office and 3% for the medium office. These results are due to the 
relatively small amount of energy used for HVAC purposes in typical office buildings and 
the operation of an economizer cycle, which has the effect of increasing outside air ventilation 
beyond the minimum for most operating hours. 

INTRODUCTION 

In 1989, ASHRAE adopted revisions to its Standard 62-1981, "Ventilation for Acceptable Air 
Quality" (1). The Standard offers two methods for compliance: a prescriptive method, which 
provides guidelines for designing a building for acceptable indoor air quality (through 
specification of minimum outside air ventilation rates), and a perfo rmance method; which 
relies on measurements of the completed building to determine indoor air quality. In this 
paper, we focus on changes in annual energy use and annua! energy operating costs that 
result from simulations of typical office buildings operated to follow the guidelines of the 
prescriptive method. 

In 1988, Eto and Meyer presented a similar study using a building energy simulation program 
to estimate the impacts of different ventilation rates for a large office building (2). They found 
that increasing minimum outside air ventilation rates from the lowest level of the earlier 
Standard (2.5 L/s.person, assuming no smokers) to the current Standard (10 L/s.person) would 
increase energy operating costs by no more than 5% and building first costs by no more than 
1%, The current study is intended to complement this earlier analysis, by extending the range 
of building types and minimum outside air ventilation rates examined, 

METHOD OF ANALYSIS 

The method of analysis relies on a series of parametric building energy simulations in which 
all features of the building are held fixed, except the minimum outside air ventilation rate. The 
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other aspects of the building description, including structural, architectural, mechanical, and 
electrical characteristics and hours of operation and temperature setpoints, remain unchanged, 
not only as the minimum ventilation rate changes for a given city, but also across cities. This 
latter step ensures that results can be compared, on a consistent basis, between does as well 
as within them. 

Six simulations are performed, each with a different rate of minimum outside air ventilation. 
The lowest ventilation rate was 5.0 17s.person (10 cfm/person) increasing in increments of 
2.5-lVs.person (5 cfm/person) to 17.5 L/s.person (35 cfm/person). In normal operation, these 
minimum ventilation rates are frequently exceeded when, for cooling purposes, additional 
outside air is taken in through an economizer cycle. 

The DOE-2 building energy analysis program (version DOE-2.1C) is used to study the changes 
in energy use, energy costs, and equipment siring that result from increasing minimum 
outside air ventilation rates. The DOE-2 program was developed for the Department of Energy 
to provide architects and engineers with a state-of-the-art tool for estimating building energy 
performance (3). The DOE-2 program has been extensively validated (4)j 

The two office building prototypes simulated are based on actual buildings of recent vintage,; 
with modifications that make them representative of typical 1980s building construction' 
practice. The prototypes were originally developed for the ASHRAE-sponsored evaluation of 
revisions to Standard 90 (5), In that evaluation; the building was slightly altered for each 
climate; for the present analysis, only one building was used (designed originally for the 
Washington, DC, climate) for each location. Operating schedules were taken from the 
Standard Building Operating Conditions developed for the Building Energy Performance 
Standards (6). The HVAC system for the medium office building was designed so that only 
electricity would be used for cooling and only natural gas would be used for heating (of 
course, electricity is also used for lighting, fans, pumps, etc.). For the small office building, 
electricity provides both heating and cooling. Major features of the office building prototypes 
ait summarized in Table 1. 

Tbe simulations are performed using weather data and current utility tariffs from ten U.S. 
cities. The weather data art from either the Weather Year for Energy Calculation (WYEC) 
series developed for ASHRAE (7), or from the Typical Meteorological Year series developed 
by NOAA (8). 

RESULTS 

Table 2 summarizes the percentage changes in annual energy operating costs found for each 
minimum outside air ventilation rate and building type. The Table also presents the nominal 
annual operating cost (in $1987 per square meter) for each location and building type, at the 
base case ventilation rate of 5 L/s.person (10 cfayperson). 

We find that increasing minimum outside air ventilation rates from the base case (5 L/s.person, 
10 cfm/person) to the level called for by the new Standard (10 L/s.person, 20 cfm/person) 
increased energy operating cost s by an average of 5% for the small office and 3% for the 
medium office. The greatest percentage increase in annual energy cost is found for the small 
office in Boston (9%) and Minneapolis (8%). For the medium office, the largest percentage 
increase it found in Miami (6%) followed by Washington (5%). 
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The findings for the small office are driven by the Urge heating requirements found in 
Minneapolis and Boston (5 MJ/m\s-2W2\JSs+2 and 4 MJ/m\s-2\u2'd\s+2 at 5 L/s.person, 
respectively). The findings for the medium office in Miami are driven largely by increases in' 
cooling energy of 13% from a base case of 0.8 kWh/mV2\u2\d\s+2. For the medium office 
in Washington, a moderate increase in heating energy use (up 5% from a base case of 2 
MJ/mV2\u2\J\$+2), coupled with relatively large increase in cooling energy (up 12% from a 
base case of 0.4 kWh/m\s-2\u2sd\s+2) explains the increase in total costs. 

DISCUSSION 

The results presented in the previous section indicate that, for the simulations performed, 
increased minimum outside air ventilation rates will have relatively small effects on 
annual building energy costs. In particular, the simulations do not support a one-to-one 
reUtionship between percentage increases in minimum outside air ventilation and increases in 
annual energy costs. For example, a doubling in the minimum ventilation rate from the lowest 
value examined to that called for by the current Standard, corresponds to an average increase 
in annual energy costs of about 5% for the small office. 

The primary reason for small increases in energy costs is that energy use for heating, cooling, 
and auxiliary HVAC end uses represents only a fraction of the total energy operating costs 
of modem office buildings. Energy use for lighting and miscellaneous equipment constitutes 
a large, fixed component of energy costs that is unchanged by increased outside air ventilation 
rates. 

A second reason for our findings has to due with the operation of modem HVAC systems. 
In all of our simulations, we assume that an economizer is able to introduce outside air in 
excess of the minimum ventilation rate whenever the outside air temperature is less than a 
given value (specifically, we have used a drybulb setpoint of 19"C or 66*F. For most office 
buildings, normal operation of the economizer means that outside air ventilation rates will 
generally exceed the minimum rates called for in the Standard. That is, increased m i nim u m 
ventilation rates can only increase energy use when the supply air temperature would otherwise 
be higher (in the heating mode) or lower (in the cooling mode), but for this minimum rate. 
In most office buildings, this circumstance only occurs at the extremes of the temperature 
scale, i.e., only at very low or very high outside air temperatures. Consequently, for a large 
number of operating hours, the Standard has no effect on energy use. 

SUMMARY 

We have performed a simulation-based analysis of the increases in energy use and energy 
costs that result from building operation at different minimum outside air ventilation rates. 
The analysis relied on parametrically increasing minimum outside air ventilation rates for a 
medium and small prototypical office building in 10 U.S. cities. A minimum' outside air 
ventilation rate from the previous Standard, 5.0 L/s.person (10 cfnVperson), was the basis for 
comparison to both the current Standard of 10 LA.person (20 cfm/pcrson) and several higher 
minimum rates. Economics were evaluated with actual and current utility rate tariffs. 

The results suggest, for the prototypes, climates, and economic conditions examined, that the 
increased minim um outside air ventilation rates called for by the new Standard: 1. May 
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increase annual energy operating costs on average between 3% and 5% (for medium and small 
office buildings, respectively); 2. May increase energy costs relatively more for smaller 
buildings located in colder climates; and, 3. May increase energy costs relatively more for 
larger buildings located in warmer climates. 
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Table I. Summary of Building Characteristics 



Medium Office 

Small Office 

Size 

4.524 m 2 (48,680 ft 2 ) 

209 m 2 (2.250 ft 2 ) 

Shape 

3 floors, rectangular 

1 floor, square 

Construction 

Steels frame superstructure, 4” precast concrete walls 

wood frame, brick veneer 

Glazing 

36% of wall area, equally distributed 

50% north and south, 10% west, 3% east 

Operation 

8 am - 6 pm weekdays, with some evening work, 30% oc¬ 
cupancy on Saturday, closed Sundays and holidays 

identical to medium office 

Thermostat Settings 

24°C (76°F)cooling 

22°C (72°F) heating (night and weekend setback) 

17°C (62°F) 

identical to medium office 

Internal Loads 

26 W/m 2 (2.4 W/ft 2 ) lighting 

5.4 W/m 2 (0.5 W/fr) equipment 

identical to medium office 

Occupancy 

13.7 m 2 /person (148 ft 2 /person) 

11.0 m 2 /person (118 ft 2 /penon) 

HVAC Air-Side 

dual-duct system with variable speed fan; dry bulb 
economizer set at 19°C (66°F) 

variable air volume, direct expansion, rooftop unit; dry 
bulb economizer set at 19°C (66°F) 

Heating Plant 

gas-fired hot water boiler (eff.=75%) 

baseboard electric 

Cooling Plant 

air-cooled, hermetic reciprocating chiller (COP = 2.4) 

direct expansion (COP-2.8) 


CT6C8CC802 
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Table 2. Annual Energy Operating Cost Impacts 



5 L/s.person 
(1987$/m 2 ) 

7*5 L/s, person 

Percentage Increase from 5 L/s.person 

10 L/s.person 12.5 L/s.person 15 L/s.person 

17,5 L/s.person 

Small Office 
Atlanta 

0.16 

2.0 

4.0 

6.4 

8.7 

11.3 

Boston 

0.35 

3.8 

8.5 

14.0 

19.0 

25.3 

Chicago 

0.41 

1.3 

2.8 

5.4 

8.0 

10.9 

Dallas 

0.13 

1.9 

3.7 

5.8 

8.3 

11.3 

Miami 

0.21 

1.9 

3.5 

5.4 

7.1 

9.0 

Minneapolis 

0.14 

3.6 

7.4 

11.9 

16.0 

20.6 

New York 

0.27 

2.7 

5.8 

9.5 

13.1 

17.4 

San Diego 

0.17 

1.3 

2.5 

3.8 

5.0 

6.5 

Seattle 

0.06 

2.9 

6.2 

10.2 

14.3 

19.1 

Washington 

0.25 

1.2 

2.3 

3.7 

5.0 

6.5 

Medium Office 




6.2 

8.2 

10.4 

Atlanta 

0.13 

2.1 

4.1 

Boston 

0.13 

1.6 

3.2 

4.9 

6.8 

9.2 

Chicago 

0.13 

1.6 

3.1 

4.8 

6.8 

9.1 

Dallas 

0.14 

2.1 

4.2 

6.4 

8.6 

10.8 

Miami 

0.14 

2.8 

5.7 

8.7 

11.8 

14.9 

Minneapolis 

0.14 

1.2 

2.9 

5.0 

7.5 

10.2 

New York 

0.13 

1.8 

3.5 

5.2 

7.3 

9.6 

San Diego 

0.12 

0.9 

1.7 

2.5 

3.3 

4.2 

Seattle 

0.12 

0.6 

1.1 

2.0 

2.8 

3.8 

Washington 

0.13 

2.3 

4.6 

7.0 

9.5 

12.0 


fcT6C8EC202 
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A eer>e« of measurements ef irtcofine vopor and pertkie concentre- 
done were carded out In * modem omce buWng. The messurement 
program wee designed lo document the to* act of the new emoktog 
poftey (e.f. emoktog reeWcted to two epectffc erase) on elr Quality 
In veriove part* of the buMng. 

Measurement* at over $0 tocetkww examined areee where 
smoking wee reetriciec, where smoking we permitted, end where 
en elr handler shared the load of e desig nated emoklng area. These 
meeeuremente were taken at the same locations before and attar 
the policy wee i mplemented . 

The measurement reeutte Mealed ft at: 

e After the podey wae implemented, genera* employee exposure 
10 fttotto# vapor (ae e surrogate for all environmental tobacco 
amoks) wae reduced by about M percent on mo*t Poore. Other 
pattern# related to epmover from designated emoklng areas 
and change* In the designated smoking area* themaetvee ere 
described In the paper. 

* Substantial reductions to exposure to Ncottne vapor were found 
•van lor those general office areas which had the highest 
concentre (tone after the poftcy was Implemented. 


la order to document the air quality impact of this change 
in policy, measurements were conducted on four floors of the 
headquarters before and after the policy went into effect. 
Nicotine vapor measurement* documented the specific 
changes in air quality due to tobacco smoke. Additional 
measurements of inhaled particle load at selected locations 
linked particle and nicotine vapor concentrations (to assess 
change* in visible smoke as well). 

The general objectives were to; 

• Define the initial concentrations of nicotine vapor and 
inhaiable particle* (as a measure of baseline air quality). 

• Document the change in air quality on a typical floor 
where smoking would no longer be allowed. 

• Document the change in air quality in the 32nd floor 
snack bar (where smoking was allowed) as well as any 
“•pill over” to adjacent office areas. 

• Document the change in air quality on the 31st floor, 
which share* the air handler with the 32nd floor, to soe if 
smoking impact was “imported” to this non-smokmg 
area* 

• Document the change* in air quality of the different 
areas of the cafeteria. 

Methods 


A large corporation implemented a new smoking policy in it* 
headquarter* in January 1988. This new policy restricted 
smoking to designated areas of the 32nd floor snack bar and 
the eastern pan of the cafeteria only. 


tmpftcattooe 

The study reported In this article demonstrate* 
that: 


• It is possible to make objective measurements of 
nicotine vapor In an office setting using inexpen¬ 
sive passive sampling device*, 
e It Is possible to demonstrate the effectiveness of • 
change in smoking policy using before and after 


monitoring. 

Use of a designated smoking ares can significantly 
(90-98 percent) reduce office exposure to nicotine 
vapor and hence other smoking vapor*. 

With common air handler* typical of modem o Cte*J 
buildings* adjacent office spacee can*rice^d'*pilw 
over of vapors from a designated smoking area, f 


Sampling Device* 

Two type* of sampling device* were used in this study to 
capture the nicotine vapor* from the air—passive and active. 
They both operated with the same principle of stabiliring 
the nicotine on a filter treated with sodium biaulfate. The 
passive devices utilized diffusion acroa* a wind sawn mem¬ 
brane to deposit the vapor*. The active devices used a pump 
to draw room air through an identically treated Alter at the 
rate of about 1.7 liter* per minute. This active sampler was 
also equipped with a standard teflon coated glass fiber filter 
to test for inhaiable particle* at the same time, as explained 
below. 

Po$»ivt lamplerM. The passive sampler* consist of a plas* 
tic holder, a clip to hold it in place, a teflon-coated glAsa fiber 
filter treated with a 4 percent sodium biaulfate solution, and 
a plastic wind screen (u> prevent strong drafts from influenc¬ 
ing the sampling). Each filter holder is sealed until sampling 
begins when the solid lid is repisced by the wind ecreen. A 
schematic drawing of a passive sampler assembly appears in 
Figure 1. 

<U*vr*)H Air t Wiwr X—w«UH*n 


l Wam* M*n*r\* 
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Each passive ampler wa* expo sod from Monday morning 
through Friday afternoon to collect a weekly average nico¬ 
tine concentration. It sample* at a rate of about 24 mL/iain 
aa determined by chamber studies, 1 The sampling volume U 
then computed for the exposureinterval by multiplying by 
the rate (24 mL/min) by the number of minutes of exposure. 

Active samplers. Active sampling occurred on the 
Wednesday of each sampling period. The active sampler 
assembly is s typical occupational health sampling unit 
•quipped with s standard particle filter ahead of a second 
treated filter to trap the nicotine vapor. 2 The inlet to the 
filter assembly was a 10-mm nylon cyclone that is designed 
to allow only the respirable size particles to pass to the filter 
at a sample rate of L7 liters/minute CL/m). 

The sample volume for both filter elements is determined 
by the sample rate which was maintained by battery operat¬ 
ed SKC personal sampling pumps (Model 224). These 
pumps were calibrated at 1.0 and 2.0 L/min before each 
sampling period. Tbs flow meter reading on each pump was 
used to adjust the sampling rate to about 1.7 L/m, These 
flows were checked at two- to three-hour intervals during the 
intensive sampling days to maintain constant flow. Little 
adjustment was ever required. 

tempting locations and Condftkms 

Phase I of the sampling was conducted in early December 
1087, four weeks prior to the implementation of the policy 
restricting smoking. Phase II sampling occurred in February 
1988, after the policy had been in effect for seven weeks. 

She Selection Procedure 

The sampling locations were chosen to determine changes 
in both typical work area exposure and in areas to be most 
heavily impacted by the new policy. The 32nd floor was 
selected since smoking would be allowed in the snack bar 
resulting in an influx of smokers from the rest of the build¬ 
ing. The 31st floor was selected since it shares an air handler 
with the 32nd floor and might share any decreased air quali¬ 
ty associated with an increase in smoking on the 32nd floor. 
The 19th floor was selected as a “typical* floor which would 
experience only a decrease in it* smoking population. The 
cafeteria was selected since it would be divided into smoking 
and non-smoking areas. 

Each of the office floors is primarily open with cubicles 
defining work space. Only one “private” office was sampled 
(location # 22 below). The specific sample locations on these 
office floors were determined by generating random number 
grid coordinate* for about 2,000 sq-ft sections of each floor. 
This step resulted in different random locations for possible 
sampling on each floor. This pattern was then compared to 
the information on office cubicles occupied by smokers (S) 
and non-smokers (NS) or vacant (V), a* supplied by floor 
manager*. Possible sample locations wars then shifted one 



tyurt i. Diff* of pass** monitor to tempi* meotkw * 

*» Sir. 


Table I. Sample locations and types of exposure (sites with 
designate active sampling also)._ 


Floor 

Location 

Type of Exposure 

32nd 

i 

Public-snack bar, smoking (Phase 11) 


2 

Public-snack bar, smoking (Phans II) 


3* 

Public-snack bsr, smoking (Phase III 


4 

Non-smoker 


5 

Non-smoker 


6" 

Vacant (Phase I), non-smoker (Phase II) 


7- 

Smoker (Phase I). vacant (Phase II) 


6 

Smoker 


9 

Non-smoker 

81st 

10* 

Smoker 


11 

Common terminal arcs 


12 

Non-smoker 


13 

Vacant (Phase I), non-smoker (Phase ID: 


14 

Public-os • divider 


15* 

Non-smoker 


16 

Damaged (Phase I), non-smoker (Phase H) 


17 

Vacant 

19th 

18 

Non-smoker 


19 

Non-smoker 


20 

Non-smoker 


21 

Damaged (Phase I). non-smoker (Phase 11) 



Smoker (enclosed office) 


23 

Smoker 


24* 

Non-smoker 


26 

Damaged (Phase!); non-smoker (Phase H) 

Cafeteria 

26" 

Public, no smoking (Phase II) 


27 

Public, no smoking (Phase II) 


28* 

Public, no smoking (Phase II) 


29 

Public, no smoking (Phase II) 


80 

Public, no smoking (Phase 13) 


31 

Public, no smoking (Phase It) 


82* 

Public, only Phase II—smoking ere* 


or two cubicles away to assure a mix of S, NS and V samples 
from each floor. The snack bar on the 82nd floor received 
three samplers, since it would experience the largest poten¬ 
tial change and would warrant the greatest attention. 

At the time the six locations for the Phase I cafeteria 
sampling were selected, there was no firm idea as to which 
areas would be designated smoking and which non-smoking. 
Hence, a relatively even distribution of locations (#26 
through #31) was laid out in the western portion of the 
cafeteria. Ultimately, the eastern half of the cafeteria was 
designated the smoking area. For ths Phase U sampling, an 
additional sample location (# 32) in that area was set up for 
the active sampling. 

Tbs final 32 sampling locations ware refined during the 
setup for Phase I sampling. Usually a passive sampler was 
clipped to the center of a desk lamp or at the end of a lamp to 
avoid being directly over an ash tray. For the open areas, the 
passive samplers ware attached to the drop ceiling support* 
in the snack bar and the light fixtures of the cafeteria. 

During each phase of sampling, active samples were gath¬ 
ered at nine to ten location*. These active sites were also 
chosen arbitrarily to achieve a mix of S, NS and V site* 
throughout the three office floors. Two sites in the western 
half of the cafeteria were also selected. 

Table I lists the final mix of sampling locations and indi¬ 
cates the type of exposure. Figure* 2 and 3 show the locations 
of these sample point* on floor plans for the two floors 
experiencing the greatest changes 

For each sampling location^ a log sheet was completed 
which noted the actual installation point, indications of 
smoking in the area, time of placement and removal and 
comments. Each site was revisited at least once during the 
Wednesday intensive sampling and on removal; These site- 
specific records assisted in interpreting the nature of the 
exposure or unique conditions at each location. 


i. 4. . m AAA 
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An»ty*» 

The nicotine vapor collected on both the passive and ac¬ 
tive filter* was analyzed by the procedure* described by 
Hammond and Leadarer. 1 - 3 Briefly, the nicotine was de¬ 
sorbed from the filters with water. The pH was adjusted with 
•odium hydroxide. The nicotine was concentrated by liquid/ 
liquid extraction into azmnoni&ted heptane. A small amount 
of the heptane solution was injected into a fas chromato¬ 
graph which was equipped with a nitrogen selective detector. 

The detection limit for the method depends on the nico¬ 
tine leveb of Held blanks (filter* shipped to the study area, 
opened briefly on *ite, and returned to the laboratory just 
like the actual samples) which must be subtracted from the 
levels obtained on actual samples- For this study the passive 
blanks were at or below 0.01 Mg. The final passive detection 
limit was determined to be 0.03 mC of nicotine. For the active 
samples the detection limit was determined to be 0.2 Mg of 
nicotine (partly because of a different range for analysis). 

The particle loading is determined from the front filter of 
the active filter assembly. It is pre-weighed at the laboratory 
before being sent to the field, then re-weighed after sam¬ 
pling. The difference is then reported as the panicle loading. 
The reliable minimum detection limit is about 20 m* of 
particle and all values below that limit are reported as not 
detected (ND) with the actual value shown in parentheses. 

Results and Observation* 


Results 

Tables 11 and m present a summary of aU nicotine vapor 
analyses during the study. The office results are grouped by 
floor with a separate sub-grouping of public area (snack bar 
and cafeteria) samples for both before and after condition*. 
Reference should be made to Table I and Figures 2 and 8 for 
actual cubicles and general locations on each floor. 

It should be noted that these passive sampling results are 
computed from a 45-hour exposure period assuming that, on 
the average, the sources of nicotine vapor and the people 

1014 


exposed are in the area about 9 hours a day. even though the 
passive sampling proceeds for 24 hours a day. This assump¬ 
tion may be inaccurate for some locations but is a best 
estimate that also allows comparisons with other work week 
studies by using a consistent data reduction approach-'* In 
one instance, at site #10, the smoker was away from the 
office for thret days during Phase I. W« have adjusted the 
nicotine level at that location to reflect 18 hour* of "expo¬ 
sure,” not 45. 

The nicotine values from the active samplers for each 
sampling phase are presented in Table IV. Columns allow 
comparisons of the intensive sampling on Wednesday with 
the "work week” average. This pouping shows whether the 
Wednesday samples were “typical” (i.e. Wednesday read¬ 
ings close to average week values) as indicated by nicotine 
levels, and most are typical 

Table V allows comparison of the befoTt and after active 
samples for both nicotine and particle values. 

Observations 

Before conditions. Nicotine vapor concentrations at non¬ 
smoking desks in the general office areas were about 2 Mg/m* 
in December 1987. Nicotine concentration* in the snack bar 
were about 11 Mg/m- 1 or just over 6 times NS desks, while 
those in the cafeteria were about 3.4Mg/m :r or 1.5-2 times NS 
desk*. 

The range of average smoker desk concentrations on each 
floor were highly variable (Table III), and ranged from 3 to 
33 Mg/m u or about 2 to 15 times that at the NS desks. 

In general, the “Vacant” desk area* had about the same 
nicotine vapor concentration in December 1987 a* the non- 
smoker areas with the exception that the vacant space at 
Site #17 bad a value of 6,7 Mg/m 3 . Perhaps there was a 
nearby smoker or a smoker borrowed the cubicle to work for 
several hours that week. 

Unfortunately four of the Phase I particulate filters were 
lost so that adequate baseline information is missing. Those 
data that are available show low particulate levels at the NS 
and V desks, a* would be expected, and higher values at one 
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TabU nb- Nicotine concert tratiorw (**/m‘) in *n* c V bar 6 
gfeitm <+ toltft indicate* Wtd. intensive sampling). 


Table Ila. Nicotine concentration* (*#/»*> in office* (+ to Uft 
indicate* Wed, intensive samplingK_ 




Offices 



32»d Floor 

toe.# 

TvptSNV 

Before 

After 

Change 

4 

N 

16 

0.7 

-hi 

5 

N 

26 

06 

-16 

+6 

V 

16 

0.1 

-1.6 

47 

S 

33.3 

0.4 

-326 

6 

s 

14.7 

0.4 

-146 

9 

N 

1.9 

0.1 

—16 


Arts Av*. ■ 

"TT 

753 

-=15 

Jut floor 
Loe.# 

Typ, SNV 

Before 

After 

Chang* 

410 

6 

8.4 

0.7 

-17 

11 

V 

11 

0.4 

—2.7 

12 

N 

16 

0.4 

—1.4 

IS 

N 

2.1 

06 

-16 

14 

S 

46 

as 

-46 

416 

N 

1.9 

06 

-16 

17 

V 

6.7 

06 

—6.5 

16 

N 

damaged 

02 

■=53 


Are* Av*. - 

3.4 

ZTT 

19th Floor 
Loc. # 

Type SNV 

Before 

After 

Change 

422 

6 

4.3 

06 

-4.1 

18 

N 

0.9 

06 

—06 

10 

N 

16 

0,1 

-16 

20 

N 

6.3 

ai 


23 

S 

86 

0.0 

-3.9 

424 

N 

ue 

0.1 

-06 

21 

N 

damaged 

ao 


25 

N 

Are* Av* m 

dSJMgSt 

0.0 

ST 

*=55 


smoker’* desk. The western pm of the cafeteria bad quite 
low particulate levels during Phase I measurement*. 

Afttr conditions and comparisons. Overall air quality, a* 
measured by nicotine concentrations improved dramatically 
in the office areas u a reeult of the new policy restricting 
smoking. The average non-smoker desk values were 0.1-06 
Mg/m* during the February 198$ measurements compared to 
2.0 Mg/m* earlier. The greatest improvement in overall air 
quality (95+ percent reduction in ETS axposure) was on the 
19th floor, due to the prohibition of all amoking without any 
common air handling with a smoking location. 

However, there is evidence of some tobacco smoke "spill¬ 
over* into non-smoking areas on the 81st and 32nd floors, 
which had reductions in ETS exposure of only 84 percent 
and 80 percent respectively. The highest levels at non-smok¬ 
er decks were on the 52nd floor. The highest level at a 32nd 
floor cubicle was at Site # 4 (0,7 Mg/m*) which receives fume* 
from the hallway outside the snack bar smoking area. 

(There is also some evidence of "off gassing” of tobacco 
smoke vapors from the clothe* of smokers or from the porous 
fabric on the divider walla This observation comet from the 
general pattern that most smoker cubicles exhibit nicotine 
values which are slightly higher than non-smoker values.) 

The 32nd floor snack bar experienced the most significant 
decrease in air quality in the building. The February 1988 
average nicotine vapor concentration (85.4 ttf/m*) was 7.6 
times higher than the already high December 1987 levels. 
These concentrations were highest at the eastern end of the 
“designated smoking area.” (Siu # 3), perhaps due to venti¬ 
lation changes made by the maintenance staff to encourage 
the air flow in that direction. 

The highest nicotine vapor and particulate readings were 
at Site #3 in the snack bar. These levels were at least 1,800 

Nn. 7 


Public sreai 

Snack Bar 


Loc * 

Before 

After 

Change 

1 

10.4 

36.6 

26.2 

2 

13 2 

41.0 

27.8 

43 

10-2 

178.7 

TO 

168.6 

Area Av*. - 

Til 

+7sT 

Cafeteria 

Loc# 

Before 

After 

Change 

+26 

5.0 

24 

-26 

27 

56 

8.6 

- 2.3 

+ 28 

6.7 

4.1 

— 2.6 

29 

66 

13 

- 2.2 

90 

14 

6.6 

4^ 

31 

t* 

11.6 

9.8 

Are* Are • 

Tb 


*+5!£ 


times higher than the average values in the non-smoking 
office areas. 

The cafeteria—in spite of its higher ceilings and larger air 
volume—showed, at best, only slight improvement in air 
quality ac four NS locations (#26-#29) and decreased air 
quality at two locations (#30 and #31). The latter non¬ 
smoking locations were nearest the newly designated amok¬ 
ing area and were three to ten tunes higher in February 1988 
than in Dectmber 1987. Due to the dramatic change in these 
two cafeteria nicotine levels, the overall! western cafeteria 
(NS area) readings are 16 percent higher in February 1988 
compared to Dectmber 1987. The second highest nicotine 
vapor (and particle readings) measured were in the newly 
designated smoking area at the eastern end of the cafeteria. 
Four of the six western cafeteria locations did show improve¬ 
ment in nicotine vapor levels in February 1988 compared to 
December 1987 but the reduction was only about 50 percent 
compared to 80-98 percent on the working floors. 

[Note: Since this original work was performed in 1987 and 
early 1988, two subsequent studies have been performed in 
the same building on the “snack bar” floor (32nd) using the 
same sampling and analytical methods. One study in De¬ 
cember 1988 focused on levels in end near the computer 
room on the 32nd floor that hid a separate air conditioner 
system but had a common above-ceiling plenum with the 
snack bar/smoking lounge. (Figure 2 locations A and B were 
part of that study.) At that time construction was underway 
to build an isolated smoking lounge to the west of the snack 
bar /smoking lounge by extending new walls from slab to 
slab, thus eliminating the common above ceiling plenum, 
and by providing a totally separate air handling system that 
accomplish** 20 air changes per hour. 

In the December 1988 measure menu around the comput¬ 
er rooms, spillover levels of 14.1 ^g/m 3 (at A) and 59.0 Mg/m 3 
(above the drop ceiling at B) indicated that spillover ETS 
was encroaching on the computer room. Levels in the com¬ 
puter room were only about 1,1 m g/m 1 . 

In September 1989, measurements were carried out in the 
new isolated smoking lounge and at the point of highest 
February 1988 readings in the snack bar (No. 3 in Figure 2— 
178.7 Mg/m 3 ). These measurements indicated that the snack 
bar location had decreased to 0.6 Mg/m 3 of nicotine vapor. 
The new, well*ventilated (20 air changes per hour) and iso¬ 
lated smoking lounge had nicotine vapor levels of 70^77 >g/ 
m s . 

Along with the above quantitative improvement in the air 
quality for the snack bar, there was one qualitative observa¬ 
tion from the manager of the computer room on the same 
floor. He reported "a significant decrease in the number of 
disk crashes” (a problem that had prompted the December 
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Tab)* Itl. Summary of nicotine vapor concentration* averaged 
by type of exposure on each floor. ___ 


Exposure 

Floor 

A vs. cones. 
Gig/m') 

Before Aft«r 

Ratio 

after Art fore 

Smokers 

33od 

24.0 

0.4 

0.02 


Slat 

AO 

0.6 

0.18 


19th 

4.1 

0.1 

0.02 

Non-smoker 

32nd 

2 JO 

0.4 

0.19 


Sift 

1.9 

0.3 

0.16 


19th 

12 

0.1 

0.02 

Vacant 

S2ad 

1.6 

G.1 

0.06 


Sift 

4.9 

0.3 

0-06 


1988 measurement*) and "significantly fewer computer head¬ 
aches” iinee the new isolated rooking lounge had gone into 

uae.l 1 

Conchislona 

In general, this environmental tobacco amoke measure- 
raent program achieved ita objectives and documented vari¬ 
ous changes in air quality associated with the new policy 
restricting smoking at one company's headquarter*. One can 
conclude from these measurements that; 

• After the policy was implemented, general employee ex¬ 
posure to nicotine vapor (as surrogate for all environ¬ 
mental tobacco smoke) was reduced by over 95 percent 


Table IV. Comparison of weekly average nicotine vapor concentration* frith Wednesday “active” 
eamploe fumtt ■ gg/m^V____ ____ 


Location M 

Phase 

Wednesday 

active 

Wwkly 

•vfrfjK* 

Comments 

Offices 

6 

I 

0.0 

1.6 



n 

0.2 

0.1 

Wed. appears typical 

7 

i 

18.7 

m 

Wed. appears typical 


B 

0.0 

CL3 

Wed. appears typical 

10 

I 

0.0 

3.4 

Smoker out M-W 

II 

0.2 

0.7 

Wed. appears typical 

22 

I 

0.6 

4.3 

Smoker in <2.5 hours on Wed. 


U 

0.1 

0.2 

W#d. appears typical 

16 

I 

0.1 

1.9 



n 

0.0 

0.3 

Wed. appears typical 

24 

i 

0.7 

1.0 

Wed. appear* typical 


n 

0.0 

0.1 

Wed. appears typical 

finack bar* 

a 

i 

7.0 

10.2 

W*d. appears typical 


n 

141.0 

179.0 

Wad. appears typical 

Cafeteria 

26 

i 

0.4 

6.0 

Wad. much LOWER 

n 

0.3 

2.4 

Wed. appear* LOWER 

28 

i 

1:2 

6.7 


n 

1.0 

4.1 

Wad. appean LOWER 


* Day only—aaaumed 45 hr. exposure. 


Table V. Summary of Wadntaday intensive aaapUng (unite • 


Lot.# 

Typ* 

SNV 

Nicotine Vapor 

Particulst* Load 

Before 

After 

Change 

Before 

After 

Office 







7 

S 

18.7 

0.0 

-16.7 

k*t 

NE> (12) 

ft 

N 

0.0 

0*2 

0.2 

20 

NDC0) 

10 

S->V 

0,0 

0.2 

0.2 

270 

86 

15 

N 

0.1 

0.0 

-0.1 

4B 

ND(0) 

22 

s-v 

0.5 

ai 

-0.4 

kwt 

ND(12) 

24 

N 

0.7 

ao 

-0.7 

lost 

ND (10) 

Snack bar 







3 


7 JO 

140.8 

133.8 

k*t 

577 

Cafeteria 







26 


0.4 

0.3 

-0.1 

ND(2) 

32 

28 


L2 

VO 

-0.2 

ND (0) 

27 

82 



30.1 



102 


Note*: loev—sample loet by error. 
NDw-below detection limit of 20 pg/m\ 
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on moat floors (tike the 19th floor). All office areas were 
reduced to less than 1 Mg/m 9 of nicotine vapor. 

• Even the highest ooncentratkms in the general office 
areas (those adjacent to the designated smoking areas) in 
February 1988 are much lower than they had been is 
December 1967. 

• While air quality in the work areas of the 3lst and 32nd 
floors improved* the improvement was not as great as on 
floors that did not share an air handler with a floor 
having a rooking area. The average level on the Slat 
floor was four times that on the 19th floor. 

a There is evidence that environmental tobacco amoke 
vapors are spilling over into the office areas of the 32nd 
floor, probably through open doom and shared overhead 
plenums. 

• Under the new policy the 32nd floor snack bar was mea¬ 
surably quite contaminated with environmental tobacco 
smoke with worn case levels at least 1,800 times higher 
than the typical February 1988 office area. 

• The cafeteria air quality was, in general, poorer in aver- 

j. Air Waste Manage. Asaoc. 


Source: https://www.industrydocuments.ucsf.edu/docs/zqyxOOOO 


2023383920 





ftge nicotine vapor levels than it wa before the new 

policy restricting amoving went into effect 
• Baaed on subsequent 1989 measurement!, an isolated 
smoking lounge quantitatively and qualitatively im¬ 
proved condition! elsewhere on the 32nd floor. 
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BUILDING VENTILATION AND SMOKING POLICY 
EFFECTS ON INDOOR AIR QUALITY AND EMPLOYEE 
COMFORT AND HEALTH 

Alan Hedge, William A. Erickson 
Department of Design and 
Environmental Analysis, Cornell University 
Ithaca, New York. 

U.S.A. 14853 


Gail Rubin, 

Biometrics Unit, Camel! University 
Ithaca, New York. 

U.S.A., 14853 


Indoor environmental conditions, occupant perceptions of ambient conditions, and reports of 
"sick" building syndrome (SBS) symptoms were compared for two office buildings: one 
where smoking is prohibited and one where smoking is restricted to areas with local air 
cleaning units. Few significant differences in pollutant concentrations were found between 
buildings. Perceptions of ambient conditions generally were less favorable in the "smoking 
restricted" building. Apart from mental fatigue, no differences in SBS symptoms were found 
between these buildings. 

INTRODUCTION 

Tobacco smoking in the workplace has been identified as a source of number of indoor air 
contaminants (1), and it has been reported that passive exposure to environmental tobacco 
smoke (ETS) may elevate the prevalence of "sick" building syndrome (SBS) symptoms (2). 
Many organizations have now implemented policies which either prohibit smoking or restrict 
this in the building, and some companies have also installed local air cleaning systems 
(LACS) to remove both particulates and volatile organics from air in smoking areas. This 
Study investigated indoor air quality, perceptions of environmental conditions, and health 
reports in offices in a smoking prohibited (SP) office and a smoking restricted (SR) office 
with designated smoking areas with LACS. 

MATERIAL & METHODS 


Two office buildings occupied by finance/insurance companies were compared. Neither 
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building had a history of indoor air quality problems. The SR building is a 40 story, urban 
office (54,000 m 3 gross: 1,800 people), with a constant air volume ventilation system. 
Smoking in the offices was restricted to two smoking lounges with LACS (ceiling mounted 
units which remove particulate matter and odors via an aluminum pre-filter, ionizer and 
charcoal filter). The SP building is a four story "greenfield" site office (13,050 m 3 gross: 450 
people), with a variable air volume ventilation system 

Each building was studied over a two day period in January. On each day two sites were 
surveyed in the morning and two in the afternoon All sites were in the open plan office areas 
in the SP building. In the SR building, morning and afternoon measurements were taken in 
the non-smoking open offices and also in the designated smoking lounges. At the same time 
a self-report questionnaire, based on previous research instruments for SBS investigations, 
was distributed at each site. Data on employee perceptions of ambient conditions (16 
questions); work-related health and SBS symptoms (17 symptoms); occupational factors 
(12 questions); ETS exposure and smoking sutus; and personal information were collected. 
Answers to the environmental and health questions were made on the same frequency 
scale, applied to the past month in the building (never, 1-3 times/momh; 1-3 times/week; 
every day). Questionnaire administration and collection were conducted by a researcher on 
the same day. The return rate was 61% (143/243) in the SP building, and 71% (259/364) in 
the SP building. 


Soundproofed briefcases containing indoor air quality sampling equipment were 
unobtrusively placed in each sampling area. One field blank for each sample was taken per 
building as well as a laboratory method blank per batch. All field and method blanks were 
found to be uncontaminated. The following pollutants were measured: 
a. Nicotine - samples were collected by pumping air at 1 1 min: 1 through sorbent tubes 
containing XAD-4 resin for 3 hours. Nicotine was not measured in the SP building, 
b Respirable Suspended Particulate (2.5p cutoff) - samples were taken using a single 
stage impactor (MSP Corporation) at a 4 1 min 1 flow rate for 3 hours. Ultra-Violet 
particulate matter (UV-PM) was analyzed to estimate particulate matter from organic 
sources (3). 

c. Formaldehyde - samples were collected by pumping air a 0.25 1 min 1 through 2,4 dinitro 
-phenylhydrazine sorbent tubes for 3 hours (E.P.A. method TO-11 ): 

Hourly measures of the following pollutants were taken with direct reading instruments: 
carbon monoxide (InterScan 4000); carbon dioxide (Riken 411); suspended particulates (TS1 
3500 Piezobalance-3.5)1 cutoff); lighting (Minolta Illuminance meter); temperature and 
relative humidity (Pacer Hygro-thermometer DH300). 
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j Data Analysis 

| Chi-square analyses of the questionnaire data were performed using SPSSX. The physical 

environment data first were analyzed using the Generalized Linear Models procedure in 
SAS, The results reported here are a subset of a larger investigation which is still ongoing. 

! For the SR building, a factorial model of smoking area designation and time-of-day 

i (nxwning/aftemoon) was fit to the environmental data. To test for interactions between 

buildings and time-of-day, chemical data were analyzed as a split unit design with true 
replication of time-of-day but no true replication of the building factor. The variation among 
j sites for each building-time combination was used as the error term in testing for an 

| interaction between building and time-of-day; all interactions were tested at a liberal alpha 

level of 0.1 (4). Independent sample t tests were then used to compare rooming and 
afternoon pollutant concentrations in each building, and to compare pollutant concentrations 
j between buildings separately for morning and afternoon samples For most of these 

analyses unequal variance tests were performed. 

I: 

RESULTS & DISCUSSION 

There was no significant difference between the SP and SR buildings in the percentages of 
‘j current smokers (17.4% vs. 15.4%), former smokers (12.4% vs. 10.5%), non-smokers 

j 1 (70.3% vs. 74.1%), or in the percentages of managers (13.9% vs. 13.9%), professional 

' workers (18.3% vs. 21.2%), technical workers (16,3% vs. 12.4%), or clerical/secretarial 

i workers (441.8% vs. 47.4 %)j There was a significant difference between the SP and SR 

buildings in the percentages of men (17.4% vs. 42.0%) and women (82.6% vs. 58.0%). 

| Analysis of responses to the environmental questions showed that workers in the SR 

building found thermal conditions ova the past month to be colder more often (X 2 m 19.95, 

! df*3, p<0.001), whereas those in the SP building reported being satisfied with thermal 

conditions more often (X 2 * 9.87, df* 3, p<0.02). In the SR building there were more 
complaints of frequent ventilation problems (X 2 * 11.29, df*3, p<0.01), of too little air 
movement (X 2 ■ 10,48, df=3 ,pc0.01), of dry air (X 2 * 35.27, df=3, p<0.001); of unpleasant 
odors (X 2 - 10.15, df=3, p<0.02), and of stale air (X 2 *15.24, df=3, p<0.002) than in the SP 
building. Proportionally more people in the SR building reported experiencing infrequent 
i glare problems (X 2 * 12.94, df*3, p<0.005) than in the SP building. 

j Health symptoms were defined as work-related only if the respondent indicated that the 

i symptom got better on leaving the building. There were no significant differences between 

the SP and SR buildings in any work-related symptoms (table 1), except for "mental fatigue" 
j (X 2 - 14.22. df-3, JX0.003). 
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The indoor environment data are summarized in tables 2 and 3. Ttata for carbon monoxide, 
carbon dioxide,and formaldehyde were transformed (natural log) because these data 
appeared to be lognormal (the variance varied with the mean). For computational purposes 
a value of 1CH was added to each carbon monoxide reading since there were zero readings. 
There were no significant differences between buildings for rooming samples for any 
pollutant There was no significant difference in carbon dioxide and UV-PM between 
buildings for the afternoon samples. Afternoon concentrations of carbon monoxide (equal 
variance t * 3.34, df=4, p<0.03) and formaldehyde (t« 4.37, df=3.8, p<0.01) were higher in 
the SR building. Comparisons between morning and afternoon samples for carbon monoxide, 
carbon dioxide, formaldehyde, and UV-PM were not significant within either building. 
Analyses of the hourly dati for particulates, air temperature, relative humidity, and 
illumination showed no significant differences between morning and afternoon conditions in 
the SP building. There were no moming/aftemoon differences in particulates, relative 
humidity, or illumination for the SR building; however, air temperature was significantly 
higher in the afternoon in this building (t * 15.81, df= 1.4, p<0.03 ). 


Comparisons between buildings showed no morning differences, except for relative 
humidity (i * 5.04, df*3J, p<0.01). In the afternoon, there were no differences between the 
buildings for carbon dioxide, or particulates; but there were significant differences for 
formaldehyde (t * 4.37, df»=3v8, jkO.OI), air temperature (t « 4.30, df*3.2, p<0.02), relative 
humidity (t « 2.90, df=3.6, p<0.05), illumination (t ■ 6.03, df=1.8, p<0.05); and UV-PM 
(equal variance t * 29.40, df*l, jkO.02). 


In the SR building, there were no significant differences in pollutant concentrations between 
morning and afternoon samples for the designated smoking areas. Comparisons of 
designated smoking and open-office areas showed no morning or afternoon differences in the 
concentrations of carbon monoxide, carbon dioxide, air temperature, relative humidity, or 
illumination. However, rooming data showed a significant difference in concentrations of 
particulates (t * 11.8, df=l.l, p<0.05), and marginally significant differences in 
concentrations of UV-PM (t * 6.31, df=1.0, p<0.1)* and nicotine (t « 8.15, df*l.I, jkO. 07). 
For the afternoon samples, these comparisons showed no significant differences in 
concentrations of particulates or UV-PM; but there were marginally significant differences in 
concentrations of formaldehyde (t = 6.58, df=2.0, p<0.07) and nicotine (t * 8.08, df*1.0, 

p<0.08). 


CONCLUSIONS 

Per c eptions of environmental conditions were generally less favorable for the SR building 
than the SP building. Pollutant concentrations for carbon monoxide, carbon dioxide, 
formaldehyde, and UV-PM were significantly higher for afternoon samples in the SR than in 
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Nicotine also was measurable in the SR building. However, except for mental fatigue, there 
were no significant differences in the prevalence of work-related SBS symptoms between 
buildings. These results suggest that restricting smoking to designated areas, which have 
local air filtration systems, is effective in minimizing the impact of environmental tobacco 
smoke on indoor air quality, and that SBS is not caused by exposure to environmental 
tobacco smoke in offices. 
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Table 1 The prevalence of SBS symptoms experienced at least once in the past month. 


SBS symptoms 

SP building 

SR building 

Dry eyes 

39.0% 

43.9% 

Sore eyes 

40.1% 

48.6% 

Sore throat 

23.6% 

26.2% 

Stuffy nose 

3Z4% 

32.9% 

Runny nose 

25.2% 

243% 

Headache 

49.4% 

44.4% 

Chest tightness 

8.9% 

10.7% 

Lethargy 

31.7% 

33.8% 

Mental fatigue 

57.5% 

413% p<0.002 
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Table 2 Concentrations of carbon monoxide, carbon dioxide, and formaldehyde in the 
offices, (mean ppm value is the mean back transformed from the log) 





AM samples 

PM samples 



Mean 


Mean 

Mean 


Mean 

Pollutant 

Building 

log 

SE 

vm 

log 

SE 

c m 

Carbon monoxide 

SP 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 


SR (Office) 0.9 

0.3 

2.5 

0.5 

0.3 

1.7 


SR (Smoking) 1.0 

0.3 

2.8 

1.0 

0j3 

2.6 

Carbon dioxide 

SP 

6.38 

0.04 

589 

6.41 

0.04 

610 


SR (Office) 6.73 

012 

845 

6.46 

0.04 

642 


SR (Smoking) 6.53 

0.00 

684 

6.58 

0.07 

717 

Formaldehyde 

SP 

•2.91 

0.14 

0.023 

-3.06 

0.07 

0.019 


SR (Office) -3.78 

0.52 

0.008 

-3.39 

0.03 

0.012 


SR (Smoking) -3.09 

0.08 

0.018 

-2.88 

0.07 

0.023 

Table 3 

Concentrations of ETS pollutants and ambient conditions in the offices. 




AM samples 

PM samples 


Ppllmam 


Building 

Mean 

St- 

Mean SE 


Nicotine (pg nr 3 ) 


SR (Office) 

0.0 

0.0 

0.0 

0.0 




SR (Smoking) 

27.2 

3.2 

4U 

5.0 


Particulates: 


SP 

20 

0.0 

10 

10 


(3^|J. - pg nr 3 ) 


SR (Office) 

40 

10 

40 

10 




SR (Smoking) 

no 

0.0 

140 

20 


Particulates: 


SP 

N/A 

N/A 

N/A 

N/A 


(2.5)1 - Hg nr 3 ) 


SR (Office) 

200.0 

0.0 

300.0 

100.0 




SR (Smoking) 

350.0 

50.0 

400.0 

0.0 


UVPM (jig nr 3 ) 


SP 

0.0 

0.0 

0.0 

0.0 




SR (Office) 

9.0 

1.0 

7.0 

0.0 




SR (Smoking) 

120.0 

18.0 

185.0 

52.0 


Temp. (°C) 


SP 

24.0 

0.1 

23.5 

0.3 




SR (Office) 

23.7 

0.0 

24.6 

0.1 




SR (Smoking) 

23.0 

0.5 

24.2 

0.2 


Relative Humidity (%) 

SP 

36.5 

2.3 

35,5 

4.6 




SR (Office) 

21.9 

1.8 

21.4 

13 




SR (Smoking) 

22.4 

0.7 

21.7 

1.8 


Illumination (lux) 


SP 

388 

100 

304 

34 




SR (Office) 

425 

148 

712 

58 




SR (Smoking) 

664 

102 

456 

344 
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ETS in Ollices and When Smoking Is Restricted 
to Designated But Not Separately Ventilated Areas* 

T.D. Sterling and B. Mueller 


Summary 

Nicotine, respirable impended particle* (RSP), carbon monoxide (GO), and carbon 
dioxide (CO]) level! were measured in the smoking and nonsmoking sections of two 
cafeterias, a smoking lounge, and several offices. 

Smoking in the offices was regulated by one of three methods: 

1) smoking permitted ad Hb, 

2) smoking prohibited except in designated areas which were not separately ventilated, 
and 

3) smoking prohibited except in designated areas which were separately ventilated. 

Nicotine levels in the nonsmoking offices which received recirculated air from a 
designated smoking area were less than I.Opg/m*. There was no difference in average 
RSP, CO, and CO] concentrations between nonsmoking offices that received recirculated 
air from designated smoking areas and nonsmoking offices that did not receive 
recirulated air. The results indicate that the provision of a designated, but not separately 
ventilated smoking area can effectively eliminate or drastically reduce most components 
of environmental tobacco smoke from non-smoking offices. 


Introduction 

Policies to regulate smoking in offices have been developed and implemented by private 
companies and some government agencies in response to concerns of health effects from 
involuntary exposure to environmental tobacco smoke (ETS). Several North American 
municipalities have passed bylaws to regulate smoking in alt public buildings and the 
Canadian and American federal governments are currently developing methods to 
regulate smoking in workplaces under their jurisdiction. Most of the current or proposed 
bylaws establish no smoking as the workplace norm, except for specially designated areas 
where smoking is permitted. 

Four options are available to regulate smoking in the office-work area: 

1) Outright prohibition of smoking in all building locations; 

2) Restricting smoking to designated areas that are separately ventilated; 


• Pirt of the costs of this project came from a special grant from the council for Tobacco Research 
Inc. 
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3) Restricting smoking to designated areas that are not separately ventilated; 

4) Providing some framework by which an adjustment between smoking and non¬ 
smoking workers can be achieved, without directly regulating the placement of 
smokers. 

The third option, that of providing a designated but not separately ventilated smoking 
area, appears to be the most frequently adopted procedure. The first option, an outright 
ban on smoking throughout a building, is usually an unsatisfactory solution because a 
certain proportion of building occupants are smokers who demand a location where they 
can be allowed to smoke. Smokers are found not only among employees but also among 
members of the public who are wailing for services. Buildings such as prisons or hospitals 
have full-time residents, some of whom are smokers. The second option, restricting 
smoking to designated areas that are separately ventilated, is often not a viable 
alternative because installing separate ventilation in an existing building may be 
physically impossible or very expensive. The fourth option is infrequently adopted 
because of objections by non-smokers or because of existing municipal regulations. 
Thus, the least disruptive and least costly solution for many buildings is to restrict 
smoking to designated, but not separately ventilated, areas. However, it is necessary to 
determine if the third option can reduce ETS constituents to acceptable levels. 

This report presents the results of two separate field studies of ETS levels in Canadian 
offices under conditions of normal occupancy, smoking and ventilation. 

The two studies were designed to provide data on two questions: 

1) What is the contribution of smoking to ambient levels of four substances: CO], CO, 
nicotine, and RSP in ofTices7 

2) How docs restricting smoking to specially designated, but not separately ventilated 
areas, affect the levels of these four substances in nonsmoking offices? 

Methods 
Series / 

In the first study, the number of office occupants and number of cigarettes smoked were 
observed while ambient levels of nicotine, CO and COj were measured on the 7th and 
11th floors of a government office building. (Measurements of RSP were also taken but, 
unfortunately, turned out to be inappropriately analyzed.) Smoking was permitted ad fib 
on the I Ith floor but was restricted on the 7th floor to a 22.5 m 2 (242 ft 3 ) coffee/smoking 
lounge where smoking was permitted at all times. The layout and design of the two floors 
were almost identical, with an open-area office of approximately 780m 1 (8,400ft 1 ) 
surrounding a 114 m 2 (1,230ft 2 ) mechanical/service core. 

Each floor had it's own independent ventilation system which recirculated between 
80% to 85% of the air returned from each floor and provided at least 20 cfm (cubic feet 
per minute) of fresh air per person. Except for leakage through elevator shafts and 
stairwells, no mixing or recirculation of air between floors occurred. The cofFee/ 
smoking lounge on the 7th floor was on the same ventilation system as the rest of the 
7th floor. 


Source: https://www.industrydocuments.ucsf.edu/docs/zqyx0000 
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Series II 

In the second study, the number of office occupants and cigarettes smoked were observed 
while ambient levels of RSP, nicotine, GO and COj were measured In two adjacent 
buildings (A and B) containing a mixture of open-area offices, private offices and public 
waiting/service areas. 

Building A was a sealed, mechanically ventilated four storey office building with two 
levels of underground parking. Each of the four floors contained approximately 
1,390 m 1 (15,000 ft 5 ) of office space. Smoking was prohibited in all areas of the building 
except for a smoking section, in the fourth floor cafeteria, which was not separately 
ventilated. The ventilation system mixed indoor air from all parts of the building before 
recirculation. 

Building B was a 12-storey unsealed office building where most areas were passively 
ventilated by building leakage. Few areas had a separate ventilation system, and these 
systems were not connected to other ventilation systems. Consequently, there was no 
mechanical mixing of air from different floors or offices. Smoking was prohibited in all 
areas of the building except in the smoking section of a basement cafeteria. Heated/ 
cooled air was supplied separately to the cafeteria and exhausted through windows. 

Sampling Methods 

Nicotine: In Series I, eight l*h nicotine samples were collected in the designated smoking 
room, ten 1-h samples in the non-smoking offices on the 7th floor, and ten 1-h samples in 
the smoking-perm it ted offices on the 11th floor. In Series II, six 1 -h nicotine samples were 
collected in each of the smoking and non-smoking sections of the cafeterias of Buildings 
A and B; two samples on each of the four floors in the non-smoking offices of Building A 
and two samples in non-smoking offices of Building B. Of the samples obtained in the 
non-smoking offices of buildings A and B, six collected air for 2 h, three collected air for 
4 h and one collected air for 8 h. 

Ambient nicotine was sampled with a portable air sampling pump housed inside a 
briefcase. The sampling apparatus was designed to collect samples unobtrusively 
because of the previously noted effect of observation on occupant behavior (Health and 
Welfare Canada 1985a). Nicotine samples were collected by pumping air at I l/min 
through sorbent tubes containing XAD-4 resin, a styrene divinylbenzene copolymer. 
The sorbent tubes contained 80 mg of resin in the front (primary) section and 40 mg In 
the rear (secondary) section. After sampling, the sorbent tubes were refrigerated until 
analysis. 

The analytical procedure for nicotine was based on NIOSH (1977). Resin beads from 
the primary section of sorbent tubes were transferred to gas chromatograph autosampler 
vials containing I ml of ethyl acetate as the extraction solvent, 5 mg/I quinoline as an 
internal standard and 0 . 01 % by volume of triethylaminc to prevent adsorptive losses of 
nicotine onto the glass autosampler vials. Samples and spiked standards were placed on 
an automatic shaking device and shaken for 30 min. A Hewlett-Packard Model 5880A or 
Model 5830A gas chromatograph equipped with a nitrogen-phosphorous detector, an 
aulosampier and a GC terminal were used to determine peak areas of the nicotine 
samples and standards. The assayed nicotine was corrected for the desorption efficiency 
(usually 94%) of the particular lot of XAD-4 resin used in sampling. The final weight of 
nicotine detected was divided by the volume of air sampled to give results in MH/m*. The 
rear (backup) sections of sorbent tubes were analyzed separately and, except for one case, 
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gave nicotine determinations less than the detection limit, indicating no break-through of 
nicotine past the primary resin section, 

RSP: RSPs were measured in Series II during the entire period of nicotine sampling and 
were averaged over each sampling period. RSP (particles less than 5 pm diameter) levels 
were measured with a Sibata Scientific Technology P-5H digital dust indicator which 
senses light side-scattered by suspended particles. The unit was calibrated at the factory 
to monodispersed stearic acid particles with a mean diameter of 0.3 pm. The digital 
counts of particles per sampling time were converted to RSP levels in pg/m 5 . 

GO and COj: Co and COj levels were measured over 3-4-min-periods approximately 
midway into the 1- or 2-h nicotine sampling periods and at least twice during the 4- or 8 -h 
nicotine sampling periods. CO was measured using a direct reading electrochemical 
analyzer (Nova 310L) housed in a flight-case. COj was measured using extra low range 
COj Gastec detector tubes and a manual sampling pump. 

Other Observations: During each sampling period, the number of occupants and the 
number of cigarettes smoked in each predefined observation area were recorded. The 
observation areas were defined by the ability to survey the area. For purpopses of 
comparison, the average number of persons per 10 m 3 and cigarettes smoked per hour per 
10 m 3 were calculated. 


Results 
Series / 

Table t presents the average concentrations of nicotine, CO and CO 3 , the average 
number of persons per 10 m 3 , and the number of cigarettes smoked per hour per 10 m 1 
(where applicable) for the smoking-permitted and non-smoking floors and the designat¬ 
ed smoking area. 

Although the three areas differed substantially in the number of cigarettes smoked per 
hour per 10 m 3 , only ambient nicotine levels responded in a similar fashion. For example, 
the average smoking intensity (cigarettes per hour per 10 m 3 ) was 10.8 times greater in the 
smoking designated area than in the smoking-permitted floor. Similarly, the average 
ambient nicotine level was 15.6 times greater In the smoking designated than the 
smoking-permitted areas. Corresponding ratios for C0 2 and CO were only 1.3 and 1.7 
respectively. 


Tablet. Comparison of ETS related air quality variables (amiges) io smoking prohibited and 
permitted work areas and in designated smoking areas, site I 



Nicotine 

(Ug/m*) 

CO 

(ppm) 

CO, 

(ppm) 

Persons 
per 10 m 1 

Cigarettes/ 
h/10 m l 

Smoking permitted 

4.8 

2.5 

720 

0.79 

0.36 

Smoking prohibited 

< 1.6 

2.1 

680 

0.61 

NA 

Designated smoking 

75 

4.2 

960 

0.97 

3.9 


0CBC8CC202 


Source: https://www.industrydocuments.ucsf.edu/docs/zqyx0000 
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Smoking wai nol observed on the non-smoking floor. The average ambient nicotine 
concentrations were below the limit of detection (i.e. less than 1.6Mg/m*) for the 1-h 
sampling periods used. CO and COj levels were slightly lower on the non-smoking floor 
than on the smoking-permitted floor. 

Table I also lists the average person densities for each of the three sampling areas. The 
average person density was 30% higher on the smoking-permitted floor and 60% higher 
in designated smoking area than on the non-smoking floor. Corresponding ratios 
calculated for CO and CO) show a similar pattern and range. 


Series II 

The data for the smoking and non-smoking cafeteria sections of Buildings A and B 
were combined because there were only very small differences in the results for each 
building. 

Figs. I through 4 summarize the ambient COj, CO, RSP and nicotine concentrations, 
in four areas under different smoking and ventilation conditions: the smoking sections of 
the two cafeterias, the non-smoking sections of the two cafeterias, the non-smoking 
offices of Building A which received recirculated air from other areas of the building, and 
Ihe separately ventilated non-smoking offices of Building B which did not receive 
recirculated air from other areas of the building. In each figure, the height of the bars give 
the average concentration, n gives the total number of samples on which the average is 
based. The range of observed values is given by the vertical line. 

Figure I shows that there was little difference between the COj levels in the smoking 
prohibited offices of building A and building B, whether or not they received recirculated 
air. The smoking and non-smoking sections of the cafeterias had slightly elevated, but 
not statistically significant, COj concentrations when compared to the non-smoking 
offices. These small increases in CO? levels could have been partly due to occupant 
density which was twice at high in the cafeteria sections than in the non-smoking offices. 



Fig. I. Comparison of average* and ranges of CO] concentrations for different smoking 
regulations, series II 



Fig. 2. Comparison of averages and ranges of CO concentrations for different smoking 
regulations, series 11 



Fig. 3. Comparison of averages and ranges of RSP concentrations for different smoking 
regulations, series II 


The distribution of mean ambient CO levels is similar to that for C0 2 , as shown in Fig. 
2. Although mean CO levels were higher in both cafeteria sections than in the non¬ 
smoking offices, none of the differences were statistically significant. 

There were no differences in RSP concentrations between the non-smoking offices 
with and without recirculated air, as shown in Fig. 3. However, the mean RSP level in the 
smoking section of the cafeterias was 2.6 times that in the non-smoking offices while the 
mean level in the non-smoking section of the cafeterias was about l .7 times that found in 
non-smoking offices. 


TCGC8CC202 


Source: https://www.industrydocuments.ucsf.edu/docs/zqyxOOOO 
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Fig. 4. Comparison of average! and range! of nicotine concentrations for different smoking 
regulations 


Figure 4 gives average ambient nicotine concentrations. In some instances the 
nicotine levels in the cafeteria sections were below the detection limit of 1.6 pg/m 3 . The 
mean nicotine concentration measured in the smoking sections of the cafeterias was more 
than twice that in the non-smoking sections of the cafeterias and at least 15 times that in 
the non-smoking offices which received recirculated air. 

The lower detection limit for nicotine is dependent upon the amount of air that is 
sampled. For the method used in this study, the lower detection limit was 0.8 pg/m 3 for a 
2-h sample,0.4pg/m 5 for a 4-h sample, and O.2pg/m 3 for an 8-h sample. Two-, four- and 
eight-hour samples were taken in non-smoking offices in Building A which received 
recirculated air. None of four 2-h samples were above the detection limit; one of three 4-h 
samples was above the detection limit and gave a determination of 1.0 pg/m 3 ; the single 8- 
h simple was also above the detection limit and yielded a determination of 0.8 pg/m 3 . 
These results indicate that the ambient nicotine concentration in these non-smoking 
ofTiccs was not larger than the maximum positive result of l.Opg/m 3 . 

Two 2-h nicotine samples were taken in non-smoking offices in building B which did 
not receive recirculated air, Nicotine was below the detection limit of 0.8 pg/m 3 in both 
samples. 


Discussion 

The Series I results suggest that ETS contributes little to ambient C0 2 levels. The 
differences in COj concentrations between the smokingrpermitted, prohibited and 
designated smoking areas were small compared with the observed differences in smoking 
intensity (cigarettes smoked per hour per 10m 2 ) and ambient nicotine levels. However, 
the sample sites with higher COj levels in Series I and II also had higher person densities. 
This suggests that people were the primary source of COj. 

Ambient CO concentrations increased with smoking (Table I and Fig. 2) but did not 
closely follow smoking intensity or nicotine concentrations. Other indoor and outdoor 
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sources of CO must also contribute to CO levels, as indicated by the background level of 
1.35 ppm in the non-smoking office without air recirculation. Part of the higher CO level 
in the cafeteria could also be due to cooking activities. 

RSP are produced both by smoking and by many other processes. The background 
RSP level, as indicated by the results for the non-smoking office without recirculated air, 
are about 39pg/m 3 . 

Not surprisingly, of the four substances measured, nicotine shows the strongest 
association with smoking. There are few if any significant sources of nicotine in the non- 
industrial indoor environment other than smoking and it follows that nicotine is an 
accurate marker of ETS exposure. Improvements in nicotine measurement technology 
could result in the widespread use of nicotine as an indicator of ETS exposure (HWC 
1987). 

Restricting smoking to specially designated areas which are not separately ventilated 
appears to effectively prevent high ETS levels in adjacent non-smoking areas. Both RSP 
and nicotine concentrations declined sharply from the smoking to the non-smoking 
sections of the cafeterias in Buildings A and B (Figs. 3 and 4). The recirculation of air 
from the smoking and non-smoking sections of the Building A cafeteria further diluted 
ETS to the extent that the levels of CO, COj, and RSP in the non-smoking offices of 
Building A were approximately the same as those levels in the non-smoking office in 
building B, which did not receive recirculated air. 

Nicotine levels were at or below 1 pg/m 3 in non-smoking offices which receive 
recirculated air from smoking designated areas. This level of exposure is very low. For 
example, breathing air which contains 1,0 pg/m 3 of nicotine for 1 h at an average 
respiration rate for office activity of 0.48 m 3 /h (ASHRAE 1986) is approx, equal to 
1/1,900th of the 900 pg of nicotine inhaled by a smoker from the mainstream smoke of 
one cigarette (Muramatsu et al. 1984). 

There are few published studies of nicotine levels in non-smoking offices. The nicotine 
levels observed by Bayer and Black (1986) are, unfortunately, not comparable with the 
results given here because their results are given in ng/m 2 /™***. Nevertheless, they did not 
detect nicotine in two of three non-smoking offices. 

Other office studies have also found low RSP levels in non-smoking areas close to 
smoking designated areas that are not separately ventilated (Lee 1985). These findings 
are reinforced by Health and Welfare Canada (HWC 1985a) who measured RSP, CO and 
COj concentrations before and after the implementation of a no smoking policy in offices 
that received recirculated air from a designated smoking area. After the no smoking 
policy was implemented, mean RSP levels decreased by 8 pg/m 3 , from 26pg/m 3 to 
!8pg/m 3 (HWC 1985a), 

Another Health and Welfare Canada study (HWC 1985 b) measured RSP and COj on 
three floors of an office building before and after the implementation of a no smoking 
policy. This study differed from the previous HWC study in that smoking was restricted 
to a separately ventilated area. Table 2 gives mean RSP concentrations for the three floors 
before and after the implementation of the no smoking policy. The average RSP 
concentration on the three floors decreased from 28.1 pg/m 3 to 21.1 pg/m 3 , for a net 
reduction of 7pg/m 3 . 

The results of the Series tl and the HWC (1985a) studies indicate that recirculated air 
from designated smoking areas contributes less than 8 pg/m 3 of RSP to non-smoking 
offices which receive such air. HWC (1985b) further suggests that ad lib smoking in 
offices under normal ventilation and occupancy conditions contributes about 7 pg/m 3 . 
These findings are substantially different from the widely quoted estimate by Repace and 
Lowrey (1980) that smoking increases RSP levels in offices by 170 to 200pg/m 3 . This 


Source: https://www.industrydocuments.ucsf.edu/docs/zqyx0000 




128 ' T. D. Sterling and B. Mueller 


TaW* 2. Comparison of RSP mean concentrations on office floors before and after a no smoking 
policy was implemented (extracted from HWC, August, 1983) 



RSP (pg/m*) 

COj (ppm) 

Before no smoking policy 

Floor A 

29.3 

663 

Floor B 

30.0 

614 

Floor C 

25.0 

606 

Overall average 

28.1 

627 

After no smoking policy 

Floor A 

22.7 

591 

FloorB 

19.8 

551 

Floor C 

20.8 

503 

Overall average 

21.2 

351 


estimate, also accepted by Health and Welfare Canada, is based on modelling exposures. 
However, Repace and Lowrey** estimate is up to 21 to 29 times greater than the observed 
effect of smoking on RSP levels in the two HWC studies and, in fact, is 3.3 to 6.3 times 
larger than the average RSP concentration of 31.8 pg/m 3 from all sources found in 
smoking designated areaj in the HWC study (1985b). These results further verify the 
results of a comparison of air pollutant measurements in a large number of buildings with 
and without smoking regulations (Sterling et al. 1987). The study found only small 
differences in airborne particles (combined total and respirable particles). 

While smoking regulations are here to stay and will affect most offices under federal, 
provincial or municipal control in Canada, the haste to regulate smoking may have been 
based on the unrealistic modelled estimates of Repace and Lowrey or on “worst case" 
measurements in poorly ventilated workplaces, instead of on actual measurements of 
RSP levels in typical offices. 

The provision of a designated smoking area appears to effectively reduce ETS 
constituent levels in non-smoking offices, even if the designated smoking area is not 
separately ventilated. However, we should caution that an exclusive reliance on 
regulating smoking while Ignoring other sources of indoor pollution in the non-industrial 
work environment may accomplish little in meeting indoor air quality problems, 
especially in so-called "Sick Buildings" (Sterling et al. 1987). 

Acknowledgements: W e thank Mr. C. Collett for his help in arranging for sampling sites. 
We are beholden to Dr. C. Nyslrom for help with some of the equipment used for Series I. 
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ETS CONCENTRATIONS UNDER DIFFERENT CONDITIONS OF 
VENTILATION AND SMOKING REGULATION 

T.Sterting 

Faculty of Applied Science s , Sirooo Fraser l lnh w i t), Burnaby, BjC VSA ISA C a n a d a 


Concentrations of nicotine, respirable particulates (RSP), carbon 
nonoxide (CO) and carbon dioxide (C0 2 ) were neasured In offices under 
conditions of: smoking ad lib; smoking prohibited; anoking prohibited but 
receiving recirculated air from designated smoking areas that are not 
separately ventilated; anoking prohibited and smoking in designated areas 
that are separately ventilated. 


INTRODUCTION 

Smoking is being rapidly regulated in public buildings especially in 
offices. The source of regulation usually Is management,, acting sometimes 
under pressure by non smoking employees. However, an increasing number of 
municipalities are passing bylaws setting the framework for smoki.'.g 
regulation in offices. Departments of the federal government, and units 
within these departments may develop their own smoking policies. The 
Canadian Federal Covemment is in the process of developing a general smoking 
policy for all its employees. Other areas than those serving as offices may 
also fall under smoking regulations. For Instance, a number of Canadian 
provincial and federal courts have set aside non smoking Jury rooms. 

Smoking regulations may be of four basic types. Smoking may be 
prohibited entirely; or to the contrary, smoking may be permitted in the 
working area but under some local arrangements by which smokers and non 
smokers apportion the workspace among each other. In most Instances, smoking 
may be restricted to a designstad area, typically a cafeteria or a room 
usually serving as a coffee or lunch room. 

Of these three options, the third will affect most office and public 
buildings. 

In some buildings, the smoking designated area may be separately 
ventilated so that no component of Environmental Tobacco Smoke (ETS) may mix 
with the air circulating through the non smoking working areas. However, in 
many and possibly the majority of existing buildings, smoking will be 
designated to an area that Is physically separate from the work area but is 
not separately ventilated. Components of ETS from such areas could mix with 
the recirculated air penetrate non smoking areas but In some diluted form. 






Source: https://www.industrydocuments.ucsf.edu/docs/zqyxOOOO 






Because of the different type* of interaction between * building** 
ventilation *nd location of it* smoking areas, a number of question* 
concerning air quality arise. Of the**, two questions are of special 
interest. The first concerns the contribution of smoking to ambient levels 
of substances related to ETS, most importantly to nicotine, CO, COj. and 
respirable particulates (RSP) and the second asks Just how does restricting 
smoking to specially designated but not separately ventilated areas affect 
the levels of ETS related substances In non smoking offices? 

This report presents the results of two separate field studies of ETS 
levels in Canadian offleas under conditions of normal occupancy, smoking and 
ventilation, and whera in some esses designated smoking areas vara, and In 
soma casas were not, separataly vencilsted. 

HETHODS 


raL&-sra>Y,i 

In the first study, the number of office occupants and nuabar of 
cigarettes smoked were observed while ambient levels of nicotine, CO and COj 
were measured on the 7th and 11th floors of a government office building. 
Smoking was permitted ad 2ib on the 11th floor but was restrictad on the 7th 
floor to a 22.5 m 2 (242 ft 2 ) coffee/smoking lounge where smoking was 
permitted at all times. The layout and design of the two floors were almost 
identical, with an open-area office of approximately 780 m 2 (8,400 ft 2 ) 
surrounding a 114 a 2 (1,230 ft 2 ) mechanical/service core. 

Each floor had it's own independent ventilation system which 
recirculated between 801 to 85% of the air returned from each floor and 
provided at least 20 cfm (cubic feet per minute) of fresh air per person. 
Except for leakage through elevator shafts and stairwell*, no mixing or 
recirculation of air between floors occurred. The coffee/smoking lounge on 
the 7th floor was on the same ventilation system as the rest of the 7th 
floor. 

FIELD STUDY IT 

In the second study, the number of office occupants and cigarettes 
smoked were observed while ambient levels of RSP, nicotine, CO and CO 2 were 
measured in two adjacent buildings (A and B) containing a mixture of openr 
area offices, private offices and public waiting/service areas. 

Building A was a sealed, mechanically ventilated four storey office 
building with two level* of underground parking. Each of the four floors 
contained approximately 1,390 m 2 (15,000 ft 2 ) of office space. Smoking was 
prohibited in all areas of the building except for a smoking section, in the 
fourth floor cafeteria, which was not separately ventilated. The ventilation 
system mixed indoor air from all parts of the building before recirculation. 

Building B was a 12-storey unsealed office building where most areas 
were passively ventilated by building leakage. Few areas had a separata 
ventilation system, and these systems were not connected to other ventilation 
systems. Consequently, there was no mechanical mixing of air from different 
floors or offices. Smoking was prohibited in all areas of the building 
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except In the saoking section of a basement cafeteria. Heated/cooled air was 
supplied separately to the cafeteria and exhausted through windows. 

Semolina Methods 

Klcgsinr: 

In FIELD STUDY I, eight one-hour nicotine samples were collected in the 
designated sacking roots, ten one-hour samples in the nonsmoking offices on 
the 7th floor, and ten one-hour samples in the smoking-permitted offices on 
the 11th floor. In FIELD STUDY II, six one-hour nicotine samples were 
collected in each of the saoking and nonsmoking sections of the cafeterias of 
Buildings A and B; two sanples on each of the four floors in the nonsaoking 
offices of Building A and two samples In nonsaoking offices of Building B. 

Of the samples obtained in the nonsaoking offices of buildings A and B, six 
collectad air for two hours, thrae collected air for four hours and one 
collected air for aight hours. 

Ambient nicotine was sampled with a portable air sampling pump housed 
Inside a briefcase. The sampling apparatus was designed to collect samples 
unobtrusively because of the previously noted effect of observation on 
occupant behavior (1). Nicotine samples were collected by pumping air at 1 
litre per minute through sorbent tubes containing XAD-4 resin; a styrene 
divinylbenzene copolymer. The sorbent tubes contained 80 *g of resin in the 
front (primary) section and 40 mg In the rear (secondary) aection. After 
sampling, the sorbent tubes were refrigerated until analysis. 

The analytical procedure for nicotine was based on NIOSH (2). (Further 
detail of this procedure Is given In Sterling (3)). 

RSP: 

RSP's were measured in FIELD STUDY II during the entire period of 
nicotine sampling and wars averaged over each sampling period RSP 
(particles less than 5 tm diameter) levels were measured with a Slbata 
Scientific Technology P-5H digital dust Indicator which senses light side- 
scattered by suspended particles. The unit was calibrated at the factory to 
monodisperaed stearic acid particlas with a mean diameter of 0.3 im. The 
digital counts of particlas par sampling time were converted to RSP levels in 
*g/m 3 • 

CO and CC>2 * 

CO and CO* levels were measured over three to four minute periods 
approximately midway into the one- or two- hour nicotine sampling periods and 
at laast twice during the four* and eight-hour nicotine sampling periods. CO 
was measured using a direct reading electrochemical analyser (Nova 310L) 
housed in a flight-case. COj was measured using extra low range CO^ Castec 
detector tubes and a manual sampling pump. 

Pthtr flfcmga&lflni: 

During each sampling period, the number of occupants end the number of 
cigarettes smoked in each predefined observation area were recorded The 
observation areas were defined by the ability to survey the area. For 
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purposes of comparison, th* average nuaber of persons per 10 ■ and 
cigarettes smoked per hour per 10 m 2 were calculated; 

RESULTS 

zsmu. 5TVDY I 

Table 1 presents the average concentrations of nicotine, CO and COj, 
the average nuaber of persons per 10 a 2 , and the nuaber of cigarettes smoked 
per hour per 10 a 2 (where applicable) for the smoking-permitted and 
nonsmoking floors and the designated smoking area. 

TABLE 1 

Comparison of ETS Related Air Quality Variables (Averages) in Smoking 
Prohibited and Permitted Work Areas and in Designated Smoking Areas 

FIELD STUDY 1 



Nicotine 

CO 

(ppm) 

cpSS 

Persons 
per 10m 2 

Cigarettes/ 

hour/lOm 2 

Smoking 

Permitted 

4.8 

2.5 

720 

0.79 

0 36 

Smoking 

Prohibited 

<1.6 

2.1 

680 

0.61 

NA 

Designated 

Smoking 

75 

4.2 

960 

0.97 

3.90 


Although the three areas differed substantially in the number of 
cigarettes smoked per hour per 10 a 2 , only ambient nicotine levels responded 
in a similar fashion. For example, the average smoking intensity (cigarettes 
per hour per 10 m 2 > was 10.8 times greater in the smoking designated area 
than in tha smoking-permitted floor. Similarly, tha average ambient nicotine 
level was 15.6 times greater in the smoking designated than the smoking- 
permitted areas. Corrasponding ratios for C0 2 and CO wara only 1.3 and■Ir¬ 
respectively.. 

Smoking was not observed on th* nonsmoking floor. Th# average ambient 
nicotine concentrations were below the limit of detection (i.e. less than 1.6 
for the one hour sampling periods used. CO and C0 2 levels were 
slightly lower on the nonsmoking floor than on tha smoking-permiteed floor. 

Tabla 1 also lists the average person densities for each of tha three 
sampling areas. Tha average parson density was 30% higher on the smoking- 
permltted floor and 60% higher in designated smoking area than on the 
nonsmoking floor. Corrasponding ratios calculated for CO and C0 2 show a 
similar pattern and range. 1 
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HELD SIWX II 

The data for the smoking and nonsmoking cafeteria sections of Buildings 
A and B vert combined because there were only very small differences in the 
results for each building. 

concentrations, in four areas under different smoking and ventilation 
conditions: the smoking sections of the tvo cafeterias, the nonsmoking 
sections of the tvo cafeterias, the nonsmoking offices of Building A which 
received recirculated air from other areas of the building, and the 
separately ventilated nonsmoking offices of Building B which did not receive 
recirculated air from other areas of the building. In each figure, the height 
of the bars give the average concentration, n gives the total number of 
samples on which the average is based. The range of obstrved values is given 
by the vertical line. 

Figure 1 shows that there was little difference between the CC >2 levels 
In the smoking prohibited offices of building A and building B, whether or 
not they received recirculated air. The smoking and nonsmoking sections of 
the cafeterias had slightly elevated, but not statistically significant, CCu 
concentrations when compared to the nonsmoking offices. These small 
increases in COj levels could have been partly due to occupant density which 
was twice as high in the cafeteria sections than In the nonsmoking offices. 


900 

•00 


FT 




The distribution of mean ambient CO levels la similar to that for CO^. 
as shown In Flgurt 2. Although maan CO levels were higher In both cafeteria 
sections than In the nonsmoking offices, none of the differences were 
statistically significant. 
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There ««Tt no differences In US? concentrations bo tvs on the nonsmoking 
offices with end without recirculated air. as shown In Figure 3. However, 
the mean tSt level in the smoking section of the cafeterias wes 2.4 tines 
that In the nonsmoking offices while the mean level in the nonsmoking section 
of the cafeterias was about 1.7 times that found in nonsmoking offices. 
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Figure 4 gives average ambient nicotine concentrations. In some instances 
the nicotine levels In the cafeteria sections were below the detection limit 
of 1.4 jig/m . The mean nicotine concentration measured in the smoking 
sections of the cafeterias wes more than twice that in the nonsmoking 
sections of the cafeterias and at least 13 times that In the nonsmoking 
offices which received recirculated air. 
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The lower detection Halt for nicotine 1* dependent upon the amount of 
air that Is sampled. For the method used in this study, the lower detection 
limit was 0.6 pg/m 5 for a two-hour sample, 0.4 pg/m 3 to r * four-hour sample, 
and 0.2 pg/m 3 for an eight-hour sample. Two-, four-, end eight-hour samples 
were taken in nonsmoking offices in Building A which received recirculated 
air. None of four two-hour samples were above the detection limit; one of 
three four-hour samples was above the detection limit and gave a 
determination of 1.0 pg/m 3 ; the single eight-hour sample was also above the 
detection limit and yielded a determination of 0.6 pg/m . These results 
Indicate that the ambient nicotine concentration In these nonsmoking offices 
was not larger then the maximum positive result of 1.0 pg/m . 

Two two-hour nicotine samples vers taken In nonsmoking offices in 
building g which did not receive recirculated eir. Nicotine was below the 
detection limit of O.i pg/m 3 In both samples. 


DISCUSSION 

The FIELD STUDY 1 results suggest that ITS contributes little to 
ambient CO 2 levels. The differences In CO 2 concentrations between the 
smoklng-permltted, prohibited and designated smoking areas were small 
compared with the observed differences in smoking Intensity (clgsrettes 
smoked per hour per 10 wr) and ambient nicotine levels. However, the sample 
sites with higher COj levels In FIELD STUDIES 2 end 21 slso had higher person 
densities. This suggests that people were, the primary source of COj. 

Ambient CO concentrations Increased with smoking (Table 1 and Figure 2) 
but did not closely follow smoking Intensity or nicotine coneentratlone. 

Other Indoor end outdoor sources of CO must also contribute to CO levels, as 
indicated by the background level of 1.35 ppm In the nonsmoking office 
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■without air recirculation. Part of the higher CO level In the cafeteria could 
also be due to cooking activities. 

RSP are produced both by smoking and by many other processes. The 
background RSP level, as indicated by the results for the nonsmoking office 
without recirculated air * are about 39 *<g/m 3 . 

Not surprisingly, of the four substances measured, nicotine shows the 
strongest association with smoking. There are few if any significant sources 
of nicotine in tha non-industrial indoor environment other than smoking and 
it fellows that nicotine is an accurate marker of ETS exposure. Improvements 
ir. nicotine measurement technology could result in the widespread use of 
nicotine es an indicator of ETS exposure (4). 

Restricting smoking to specially designated areas which are not 
separately ventilated appears to effectively prevent high ETS levels In 
adjacent nonsmoking areas. Both RSP and nicotine concentrations declined 
sharply from the smoking to the nonsmoking sections of the cafeterias In 
Buildings A and B (Figures 3 and 4). The recirculation of air from the 
smoking and nonsmoking sections of the Building A cafeteria further diluted 
ETS to the extent that the level* of CO, C0 2 , and RSP in the nonsmoking 
offices of Building A were approximately the same as those levels in the 
nonsmoking office in building B, which did not receive recirculated air. 

Nicotine levels were at or below 1 pg/m 3 in nonsmoking offices which 
receive recirculated air from smoking designated areas. This level of 
exposure is very low. For example, breathing ait which contains l.O'pg/* 3 of 
nicotine for one hour at an average respiration rate for office activity of 
0.48 m 3 /hr (5) is approximately equal to 1/1,900th of the 900 tg of nicotine 
inhaled by a smoker from the mainstream smoke of on* cigarette (6). 

There are few published studies of nicotine levels in nonsmoking 
offices. The nicotine levels observed by Bayer and Black (7) are, 
unfortunately, not comparable with the results given,here because their 
results are given in pg/Sr/min. Nevertheless, they did not detect nicotine ih 
two of three nonsmoking offices. 

Other office studies have also found low RSP levels in nonsmoking areas 
close to smoking designated areas that are not separately ventilated (8). 
These findings are reinforced by Health and Welfare Canada (1) who measured 
RSP, CO and C0 2 cone isirations before and after the implementation of a no 
smoking policy in offices that received recirculated air from a designated 
smoking area. Afte^ the no smoking policy was implemented, mean RSP levels 
decreased by 8 pg/ro*, from 26 *jg/m 3 to 18 pg/m 3 (HWC, 

Another Health and Welfare Canada study (9) measured RSP and C0 2 on 
three floors of an office building before and after the implementation of a 
no smoking policy. This study differed from the previous HVC study in thst 
smoking was restricted to a separately ventilated area. Table 2 gives mean 
RSP concentrations for the three floors before and after the implementation 
of the no smoking policy The average RSP concentration on the three floors 
decreased from 28.1 pg/m 3 to 21.1 pg/m 3 , for a ret reduction of 7 pg/m 3 . 
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TABLE 2 



Comparison of RSP Mean Concentrations on Office Floor* Before and After a No 
Booking Policy wa* Implemented (Extracted from Health and Welfare Canada (9)) 




RSP 

(Mg/a 3 ) 

cp$ 


Before No Smoking Policy 



a 

Floor A 

29.3 

663 


Floor B 

30.0 

614 


a 



The results of the FIELD STUDY II and the Health and Welfare Canada 
study (1) indicate that recirculated air from designated smoking areas 
contribute* less than B *tg/m 3 of RSP to nonsmoking offices which receive such 
air. Another Health and Welfare Canada study (9) further suggasts that ad 
lib smoking in offices under normal ventilation and occupancy conditions 
contributes about 7 of RSP. These findings arc substantially different 

froo the widely quoted estioate by Repace and Lovrey (10) that smoking 
increases RSP levels in offices by 170 to 200 jig/® 3 * This estimate, also 
accepted by Health and Welfare Canada, is based on modelling exposures. 
However, Repace and Lovrey'a estimate Is up to 21 to 29 times greeter than 
the observed effect of smoking on RSP levels in the two HVC studies and^ in 
fact, is 5.3 to 6.3 times larger than the average RSP concentration of 31.8 
Mg/m 3 from all sources found in smoking designated areas in the Health and 
Welfare Canada atudy (9). These result* further verify the results of a 
comparison of air pollutant measurements in a large number of buildings with 
and without smoking regulations (11). The study found only small differences 
in airborne particles (combined total and respirable particles). 

While smoking regulations arc here to stay and will affect most offices 
under federal, provincial or municipal' control In Canada, the haste to 
regulste smoking may have been based on the unrealistic modelled estimates of 
Repace and Lovrey or on "worst case" measurements In poorly ventilated 
workplaces. Instead of on actual measurements of RSP levels in typical 
offices. 

The provision of • designated smoking area appears to effectively 
reduce RTS constituent levels in nonsmoking offices, even If the designated 
smoking area la not separately ventilated. However, we should caution that 
an excluslvs reliance on regulating smoking while ignoring other sources of 
indoor pollution in the non-industrial work environment may accomplish little 
In meeting Indoor air quality problems, especially in ao-called "Sick 
Buildings" (11). 
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The t iposure of nonsmok era to tn v Iron mental tobacco smoke (ETS) when smoking k relegated lo designated areas tbat are not separately 
ventilated It of considerable interest. Concentrations of nicotine, respirable suspended particles (RSP), carbon monoxide (CO), and carbon 
4loiide (CO 2 ) were measured in offices under different conditions of smoking regulation: smoking prohibited; smoking prohibited areas 
receiving recirculated air from designated smoking areas; sacking and nonsmoking sections of these designated smoking areas. Nicotine was 
collected by pumping air for periods of 1*4 hr at 1 L/mln through sampling tubes containing a styrene divinylbeniene copolymer. RSPs (5 
pm cut-off) were measured using an optical side scattering instrument. CO was measured by a direct reading electrochemical analyser and 
CO 3 by colorimetric detector tubes. Detection of nicotine in nonsmoking office areas tbat received reclrcuieted air fromsmoking designated 
ureas required sampling times of 4 br or more. Nicotine levels in such offices were approximately 1J pg/m*. RSP, CO and CO 2 
concentrations were approximately the same in these offices as compared to nonsmoking offices not exposed to recirculated air from smoking 
ureas. Providing s deslgnsted but not separately ventilated smoking area appears to be effective in eliminating most components of ETS from 
nonsmoking office work areas. 


Introduction 

A number of municipalities (San Francisco and Vancouver 
being leading examples) have pissed bylaws to regulate 
smoking in public buildings. In principle these bylawsapply 
to public buildings and places of employment and establish a 
norm of no smoking except in smoking areas designated by 
the employer or proprietor. The Canadian and American 
Federal Governments are preparing to develop approaches 
to reguUte smoking in workplaces under federal jurisdic¬ 
tion. Provincial and state governments are making similar 
preparations. 

Four options are available to regulate office smoking: 

1. Prohibiting smoking outright; 

2. restricting smoking to designated areas that are venti¬ 
lated separately; 

3. restricting smoking to designated areas that are not 
ventilated separately; and 

4. providing some framework by which an adjustment 
between smoking and nonsmoking workers may be 
achieved without directly regulating the placement of 
smokers. 

The third option, that of providing a designated but not 
separately ventilated smoking area, appears to be the roost 
frequently adopted procedure. A certain proportion of a 
building's population will demand a location where they 
may be allowed to smoke (for example, employees on their 
coffee and lunch breaks, members of the public waiting for 
services, or persons who are residents of the building—such 
as in prisons or hospitals.) Governments and the private 
sector own, operate and rent a wide variety of different 


buildings, however, most of these buildings do not offer 
separate ventilation for different locations. To provide 
separate ventilation would not only be costly in many 
instances but very often physically impossible. Thus, the least 
disruptive and costly solution for many buildings appears to 
be the setting aside of designated but not separately venti¬ 
lated smoking areas. 

A question of considerable interest is the extent to w hich 
designated but not separately ventilated smoking areas are 
effective in decreasing exposure to environmental tobacco 
smoke (ETS) in nonsmoking areas. This project was designed 
to provide some information on that question. 

The authors report here the outcome of a series of mea¬ 
surements of nicotine, respirable suspended particles (RSP). 
carbon monoxide (CO) and carbon dioxide (COj) obtained 
in the following locations: 

I) two cafeterias, each having smoking and nonsmok¬ 
ing areas; 

* 2) four nonsmoking floors which received air recircu¬ 
lated from a ventilation system common to one of the 
cafeterias; and 

3) two nonsmoking offices with independent ventilation 
systems which, therefore, did not receive air recircu¬ 
lated from designated smoking areas. 

Methods 

Air sampling for nicotine, RSP, CO and CO 2 and an obser¬ 
vation of the number of office occupants present and 
cigarettes smoked was undertaken in tw o adjacent buildings 
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(Vancouver City Hall and City Hall Annex): Building A, 
which is a sealed, mechanically ventilated building, and 
Building B, which has opening windows and mechanical 
ventilation only in selected areas. 

luflding Description 

Building A is a 4-story sealed office building with 2 levels of 
underground parking. Each of the 4 floors contains approx¬ 
imately 1390 m 2 (15 000 ft 2 ) of office space. Fresh air from an 
intake at ground level is supplied to an air-handling unit in 
the basement mechanical room. This fresh air is filtered, 
conditioned and then supplied unmixed to air induction 
units located at exterior walls. Air is returned, via ceiling 
return grates, to a second air-handling unit in the basement, 
which exhausts a portion of the return air, adds makeup air 
(minimum of 20%), and filters, conditions and returns theair 
to the occupied space via ceiling diffusers. As a result, indoor 
air from different parts of the buildingand different floors is 
mixed. Smoking is prohibited in all work areas and public 
areas of the building and is permitted only in the smoking 
section of the fourth floor cafeteria which is not separately 
ventilated. 

Building B is a 12-story, unsealed building with opening 
windows and, originally, no mechanical ventilation system. 
Most areas are passively ventilated by building leakage while 
separate ventilation systems have been incorporated in only 
a few areas. In the offices where measurements were taken, 
rooms with exterior walls have opening windows. Addi¬ 
tional ventilation is supplied to the central zone of each of 
these offices by an air-handling unit which receives fresh air 
from an intake at ground level. The zone air-handling unit 
feeds conditioned air to a supply-air plenum (in the ceiling 
space) where individual fan-coil units temper the air again 
and deliver it to the occupied space below. Air which has not 
been exhausted through windows or doors is returned to the 
ceiling plenum and again tempered by the fan-coil units. 
These systems, therefore, have no ducting common to other 
areas of the building. Smoking is prohibited in all work areas 
and public areas in the building except the smoking section 
of the cafeteria (which is located in the basement). Heated/ 
cooled air is supplied separately to the cafeteria and 
exhausted through windows. 

Sampling and Occupant Observation 
Three samples were taken in each of the smoking and non¬ 
smoking sections of the cafeterias of Buildings A and B; two 
samples on each of the four floors in nonsmoking offices of 
Building A; two samples in the nonsmoking offices of Build¬ 
ing B; and two samples of RSP outdoors. 

Samples for nicotine were obtained using a portable air 
sampling pump housed inside a briefcase. Because of the 
effect of air sampling on occupant behavior, u> the sampling 
apparatus was designed to collect samples in an unobtrusive 
manner. Nicotine samples were collected by pumping air at 1 
L/min through sorbent tubes containing XAD-4 resin, a 
styrene divinylbenzene copolymer. The sorbent tubes con¬ 
tained 80 mg of resin in the front (primary) section and 40 mg 

4H 


in the rear (secondary) section. Samples were collected for I 
hr each in the cafeteria locations and for periods of 2,4 or 8 
hr at other sampling sites. Respirable suspended particles (5 
pm cutoff) were determined using a P-5H digital dust indica¬ 
tor (Sibata Scientific Technology, Tokyo, Japan) which mea¬ 
sures light side-scattered by suspended panicles. The unit was 
calibrated at the factory to monodispersed stearic acid parti¬ 
cles with a mean diameter of 0.3 pm. The unit usually mea¬ 
sured respirable particles for the entire sampling period, 
depending on battery charge. Approximately midway into the 
I- or 2-hr air sampling period, CO and CO* concentrations 
were measured at the sampling locations. (CO and CO* were 
measured more often during 4- and 8-hr sampling periods.) 
CO was measured usinga direct-reading electrochemical ana¬ 
lyzer (Nova 310 L, Nova Analytical Systems, Inc , Hamilton, 
Ontario) housed in a flight case. CO* was measured using 
colorimetric detector tubes (Gastec, Gastec Corporation, 
Yokohama, Japan) and a manual sampling pump. 

During a sampling period, the number of occupants in a 
predefined observation area and the number of cigarettes 
smoked in that area were observed and recorded. The obser¬ 
vation areas were defined by visual configurations and relia¬ 
bility of surveillance of the observable office area. For pur¬ 
poses of comparison, number of persons and cigarettes 
smoked were calculated per 10 m 2 where applicable. At the 
completion of sampling, the sorbent tubes were refrigerated 
until analysis. 

Analysis 

In the chemical analysis of nicotine, resin beads in the sorbent 
tubes were transferred to gis chromatograph autosampler 
vials to which were added 50 of quinoline (100 mg/ L)to 
serve as an internal standard and I mL of ethyl acetate as an 
extraction solvent. Tricthylamine (0.01% by volume) was 
added to the extraction solvent to prevent adsorptive losses 
of nicotine onto the glass autosampler vials. Samples and 
spiked standards then were placed on an automatic shaking 
device and shaken for 30 min. A Hewlett-Packard Model 
5880A or Model 5830A gas chromatograph equipped w ith a 
nitrogen-phosphorus detector was employed in conjunction 
with an autosampler and a GC terminal to determine peak 
areas of the nicotine and compare them with the areas ob¬ 
tained from nicotine standards. The assayed nicotine was 
corrected for the desorption efficiency (usually 94%) of the 
particular lot of XAD-4 resin used in sampling. Final nicotine 
results were divided by the volume of air sampled to yield 
results in pg/m’. The rear (backup) sections of sorbent tubes 
were analyzed separately and, except for one case, always 
yielded nicotine determinations less than the limit of detec¬ 
tion, thus indicating no breakthrough of nicotine past the 
primary section. [The authors* procedure, by and large, is 
based on the National Institute of Occupational Safety and 
Health (NIOSH) method. 01 ) 

Respirable suspended particles were estimated by convert¬ 
ing the digital counts of panicles per sampling time to an 
average count per minute. A background count of 5 counts 
per min was subtracted from the average to yield RSP values 
in ms/ m*. 
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Results 

Tabic 1 summarize* measurements for RSP, CO, CO 2 , nico¬ 
tine; average number of persons per 10 m*; and average 
number of cigarettes smoked per hour per 10 m* (where 
applicable). Because of the large variability and suspected 
skew of measures, means, medians and ranges are given. 
Measurements in the cafeteria smoking areas each are based 
on 6 samples as are measurements in the cafeteria nonsmok¬ 
ing areas. Because there were no perceptible differences 
between cafeterias in Buildings A and B, both for smoking 
and nonsmoking areas, their data have been merged. Mea¬ 
surements in nonsmoking office areas in Building A are 
based on 8 samples, and measurements in nonsmoking areas 
in Building B are based on 2 samples. 

There were significantly more persons per unit area in the 
cafeterias than in the nonsmoking offices. The numbers of 
individuals per 10 m* in smoking and nonsmoking areas of 
cafeterias, however, were approximately the same. As might 
be expected, both CO and CO 2 levels were higher in the 
smoking than nonsmoking areas of the cafeterias. This also 
was true for RSPs. Nicotine levels averaged 14.0 Mg/m* in 
the smoking area and 6.2 Mg/ m 3 in the nonsmoking area of 
the cafeterias. The drop in RSPs and nicotine from smoking 
to nonsmoking areas of the cafeterias is quite steep and 
attests to the rapid dilution of ETS. 

Contributions to RSP, CO and COa that are caused by 
smoking in the designated smoking area are diluted further 
in the recirculated air. This dilution can be seen from a 
comparison of measurements in the office areas of Building 
A with Building B. Concentrations of RSP, CO and COa in 
Building A's nonsmoking areas, which received recirculated 
air from the smoking area, are approximately the same as 
those measurements taken in Building B, which did not 
receive any such recirculated air (also see Table 11). Of 
special interest art measurements of nicotine. It is important 
to keep in mind that the detection of nicotine in air, in the 


dilute quantities in which it may be present, requires a 
lengthy sampling procedure. As the concentration of nico¬ 
tine in air decreases, larger air samples must be obtained to 
detect that concentration. For the method used here, a 2-hr 
sample at ! L/min would detect nicotine concentrations 
greater than 0.8 Mg/m 3 . Of 4 samples taken for 2 hr each, not 
a single sample detected a concentration above 0.8 Mg /mV 
For a 4-hr sample at I L/ min, the lower level of detection is 
0.4 Mg/m*. At that level, I positive detection at a concentra¬ 
tion of 1.0 Mg/m* was made in l out of 3 samples. For the 1 
sample taken for 8 hr, the lower level of detection was 0.2 
Mg/m*. That sample measured a concentration of 0.8 ngftn 1 
(findings summarized in Table II). 

Discussion 

Studies of office air quality have demonstrated that signify 
cant reductions in ETS related RSP may be achieved in 
nonsmoking areas when smoking is limited to designated 
areas that are not ventilated separately nr The extent of 
involuntary exposure to ETS, however, best may be estab¬ 
lished quantitatively when nicotine is used asthe marker.* It 
has been suggested” 1 that advances in measurement technol¬ 
ogy may provide grounds for reliance on nicotine as a gen¬ 
eral indicator of ETS. Other components of ETS may be less 
useful for developing an ETS exposure index. ETS compo¬ 
nents are complex and variable and also include many con¬ 
stituents similar to those emitted from other sources. 14 * 


•Th# Observation that nicotine in sidestream smoke it mainly In the 
vapor phase while in mainstream smoke it is more in the particulate 
(deposit)phase poses no obstac le to the use of nicotine as an index 
of ETS infiltration be causa building occupants are not exposed to 
mainstream smoke unless they actively do smoke The nicotine con¬ 
centration obtained Irom tempting the air it a representative temple 
of ambient ETS inhaled by nonsmokers 


TABLE I 

Comparison of ETS Related Air Quality Parameter* In Nonsmoking 
Work Area* and Designated Smoking Areas_ 




MP* 

CO 

COa 

Nicotine 

Persons 

Cigarettes 




(Pl/m*) 

(PP">) 

(ppm) 

fro*"’) 

/torn’ 

/hrrtOm* 


Smoking areas of 

Mean 

70 

3.9 

690 

14 

1J 

16 

N 

Cafeterias A a 

Range 

23-129 

1.1-11.4 

450-1000 

<1.6-43.7 

0.79-342 

033-167 

© 

B combined 

Median 

74 

26 

650 

11 

1.6 

16 

w 

N 

CO 

Nonamokihg areas 

Mean 

32 

2.6 

660 

ez 

1.7 


of Cafeterias 

Range 

18-57 

1i-43 

400-700 

<1.6-10.9 

0.76-2.5 

NA* 

CO 

09 

AS Bcombined 

Median 

26 

24 

660 

76 

1.7 


Nonsmoking 

Mean 

• 

18 

490 


0.73 


CO 
C D 

00 

office area. 

Range 

4-11 

1.3-2.3 

400-560 

c 

066-1.9 

NA 

Building A 

Median 

5 

1.7 

500 


046 


Nonsmoking 

Mean 

7 

1.35 

450 


0.9 


office area. 

Range 

M 

1.3-1.4 

400-500 

c 

0.53-168 

NA 

Building B 

Median 

7 

1.35 

450 


0.9 




*Mean outdoor RSPs were tO *g/m*. 
*NA ■ not applicable 
®See Table II 
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TABLE II 


Nicotine, ASP, CO and CO* Concentrations In Eight Location* In a No Smoking 
Office Area that Receive* Recirculated Air from a Smoking Designated Arta 
and In Two Locations without Such Recirculation* 



Location 

tempt, Tim, 
(hr) 

Nicotine 

(x»'">’> 

**p 

(xB/m*) 

CO 

(ppm) 

co> 

(ppm) 

Persons 

710 m a 

Recirculated eir 

1 

2 

<08 

6 

1.7 

580 

0.50 


2 

2 

<0:8 

5 

2.3 

600 

042 


3 

2 

<0.6 

5 

1.3 

400 

1.90 


4 

2 

<0.8 

4 

2.0 

500 

0.36 


5 

4 

<0.4 

11 

2.2 

650 

0.39 


6 

4 

<0.4 

5 

17 

450 

0.28 


7 

4 

1.0 

6 

1.7 

600 

1.02 


6 

8 

0.8 

6 

1.6 

450 

0.96 

No recircuiatad 

eir 

9 

a 

a 

8 

1.4 

400 

0.53 


10 

a 

a 

6 

1.3 

500 

1.28 


A SampMng time tor nicotine rtnged from 2 to 6 hr. 

*N»cotin* was not maaaurad because thaaa offices could not receive ETS from any source 


Air sampled for 2 hr at 1 L/ttun (using the NIOSH pro¬ 
tocol) reliably measures nicotine levels that are larger than 
0.8 Mg/in*. Levels of nicotine appear to be at or below that 
concentration in offices in which smoking is prohibited but 
which receive air recirculated from smoking designated 
areas. To five meaning to such trace values, the exposure of 
an office worker to nicotine at I pglm* for I hr can be 
calculated roughly. Given a breathing rate of 0.48 m s / hr for 
the level of activity required d uring normal office work 
an office worker would breath air containing 0.48 Mg of 
nicotine in 1 hr. This quantity is approximately equivalent to 
I/1800 of the nicotine inhaled by actively smoking I 
cigarette (900 Mg/cigarette**). Until relatively recently, cal¬ 
culations of a smoker's exposure to cigarette smoke was 
limited to amounts of materials in the mainstream smoke. 
Insofar as smokers are spatially close to their cigarette and 
often inhale relatively undiluted sidestream smoke, existing 
estimates of smokers' exposure to any component of ETS 
must be lower than their actual magnitudes. Thus, the non- 
smoker probably inhales less than 1/1800 of the nicotine 
inhaled by a smoker when actively smoking one cigarette, 
wm hu this nonsmoker should be standing in very close prox¬ 
imity to a burning cigarette. 

Based on these findings, it is the authors* belief that the 
provision of a designated smoking area appears to be effec¬ 
tive in eliminating most traces of ETS from the rest of the 
ofTice space, even if the designated smoking area hs not 
separately ventilated. An exclusive reliance on regulating 
smoking while ignoring all other problems besides smoking 
which may influence the quality of air in the nonindustrial 
work environment may accomplish little in addressing 
indoor air quality problems, however, especially in so-called 
“sick buildings ~ n * 

If a designated area is made available for smoking in offices 
where otherwise smoking is not permitted, the designated 
apace should be sufficiently large to prevent overcrowding. 
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EXPOSURE TO ENVIRONMENTAL TOBACCO SMOKE IN THE NON INDUSTRIAL 
WORKPLACE UNDER DIFFERENT CONDITIONS OF VENTILATION AND SMOKING 
REGULATION 
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INTRODUCTION 

This report presents the results of three field studies examining 
levels of environmental tobacco smoke (ETS) in office buildings 
under conditions of normal occupancy, smoking and ventilation. 
Nicotine, Respirable Suspended Particles (RSP), Carbon Monoxide 
(CO) and Carbon Dioxide (C0 2 ) were measured as markers of ETS. One 
or more of these substances have frequently been measured in 
investigations of smoking and nonsmoking offices.(1,2)' Of these 
four substances, only nicotine is uniquely related to the 
combustion of tobacco. RSP concentrations vary with different 
types of human activities found in office buildings. CO and co 2 are 
byproducts of tobacco combustion which also have multiple other 
sources. A main source of CO in office buildings is the 
infiltration of automobile exhaust. The primary sources of C0 2 are 
the outdoor air and the exhaled breath of occupants. 

The field studies were designed to evaluate two questions: 

1. What is the contribution of smoking to indoor ETS 
concentrations (as measured by nicotine, RSP, C0 2 and CO)? 

2. How does the restriction of smoking to specially designated, 
but not separately ventilated, areas effect the levels of ETS 
in nonsmoking office spaces? 

SAMPLING AND ANALYTICAL METHODS 
Nicotine 

Indoor nicotine samples were collected using a air sampling pump 
housed inside a briefcase. Samples were collected by pumping air 
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at 1 liter per minute through sorbent tubes containing XAD-4 resin, 
a styrene divinylbenzene copolymer. The sampling techniques 
collects gaseous phase nicotine, rather than particulate phase. 
Collected samples were analyzed with a gas chromatograph equipped 
with a nitrogen-phosphorous detector, using a procedure based on a 
standardized NIOSH analytical method.(3) 

RgPi CP and CQ 2 

Instantaneous measurements for RSP, CO and C0 2 were taken during 
the nicotine sampling periods. Measurements of each substance were 
taken at the start and completion of each nicotine sampling period, 
and at one hour intervals throughout the intervening time. The data 
were averaged to provide a representative value for each sampling 
period. 

RSP concentrations were measured with a Sibata P*-5H Digital Dust 
Indicator, which determines RSP concentrations as a function of the 
intensity of scattered light as respirable particles (< 3.5 um) are 
drawn through a sensing chamber. The instrument had been 
calibrated to ETS particles through side by side comparison with 
gravimetric sampling. 

CO concentrations were measured using a direct reading 
electrochemical analyzer (NOVA 310L), C0 2 was measured using extra 

low range colorimetric detector tubes. 

gtkgr.„Qkse ry fttiQns 

During each field investigation, observations of occupant 
behavior were also made. In Studies One and Three, the number of 
occupants and the number of cigarettes smoked in each predefined 
observation area were recorded for the entire sampling period. In 
Study Two, the number of cigarettes being smoking at the time of 
the instantaneous measurements of RSP, CO and C0 2 were observed, 
and a mean value calculated. 

RESULTS 

Study.l 

The first field study was undertaken in an 14-storey office 
building. Measurements of nicotine, CO and C0 2 were taken on the 
7th and 11th floors of the building. (RSP measurements were also 
analyzed, but not recorded due to instrument failure.) Smoking was 
restricted to a 22.5 m 2 lounge on the 7th floor, without separate 
ventilation. No smoking was allowed elsewhere on the 7th floor. 
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On the 11th floor, smoking was permitted without restriction. The 
layout and design of the two floors were similar with an open plan 
office area of 780 m 2 surrounding a central core, containing: 
mechanical rooms and service shafts. 

Each floor of the building was independently ventilated. Outside 
air was ducted from a rooftop intake to a mechanical room on each 
floor.. An air handling unit in the mechanical room mixed outside 
air with return air from the office space, then filtered and heated 
or cooled the mixed air before suppling it to the office space. 
Supply air was ducted through the suspended ceiling to rectangular 
ceiling diffusers. The suspended ceiling was also used as the 
return air plenum. On the days of sampling, the system was 
introducing 15-20% outside air to the space. Therefore, a 
proportion of the air exhausted from the smoking lounge was 
recirculated into the nonsmoking office area. 

Table 1 presents the mean and range of concentrations of 
nicotine, CO, C0 2 , the average number of persons per 10 m 2 , and the 
number of cigarettes smoked per hour per 10 m 2 in the three 
sampling locations. 

TABLE 1 

COMPARISON OF ETS RELATED AIR QUALITY PARAMETERS:: FIELD STUDY 1 



Nicotine 

(ug/m 3 ) 

CO 

(PPm) 

co 2 

(ppm) 

Persons/10m 2 

Cig/hr/ 

10m 2 

FLOOR 11 

Smoking 

Permitted 

4.9 

<1.6*-8.0 

2.5 

0.9-5.3 

720 

500-900 

0.79 

0.35-1.37 

0.36 

0-0.71 

FLOOR 7 
Smoking 
Prohibited 
(recirc) 

<1.6 

<1.6-3.0 

2.1 

0.6-3.5 

680 

500-900 

0.61 

0.37-0.94 

NA¬ 

NA- 

FLOOR 7 
Smoking 
Lounge 

75.0 

33.0-210 

4.3 

2.5-6.2 

970 

750-1100 

0.94 

0.22-2.11 

4.00 

1.78-5.78 

* Level of 

detection for 

a 1 hour 

sample. 




Although the two areas in which smoking occurred differed 
substantially in the number of cigarettes/hr/10 m 2 , only nicotine 
concentrations responded in a similar fashion.. The average smoking 
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intensity (cigarettes/hr/10 m 2 ) was 10.8 times higher in the 
smoking designated area than in the smoking-permitted floor. 
Similarly, the mean nicotine level was 15.6 times higher in the 
designated smoking lounge, than compared to the smoking-permitted; 
areas. 

Smoking was not observed in the nonsmoking areas on floor 7. 
Nicotine concentrations were below the limit of detection for the 
one hour sampling periods (<1.6 pg/m 3 ) , with one exception. In 
one of the 10 sampling periods, a nicotine concentration of 3 pg/m 3 
was measured.* 

CO and C0 2 concentrations were highest in the smoking lounge, and 
similar in both the smoking prohibited and smoking permitted office 
areas. 

Study Z 

Field study two compared ETS levels in a cafeteria used as a 
smoking lounge and in an adjacent nonsmoking staff lounge served by 
the same ventilation system in a four storey building. The floor 
areas of the smoking lounge and the nonsmoking staff area were 65 
m 2 and 46 a? respectively. 

The ventilation system serving the two study areas was a Variable 
Air Volume (VAV) system in which outside air was supplied to an air 
handling unit located in a rooftop penthouse. Outside and return 
air were mixed by the air handling unit and supplied to the space. 
On the days of measurement, between 10 and 30% of the return air 
was being recirculated. Air was ducted from the air handling unit 
through VAV boxes to slot diffusers in the suspended ceilings of 
the two study areas. Return air from the space was passively 
exhausted into a common ceiling plenum through linear slots. . A 
common return fan drew air from the plenum back to the air handling 
unit. By using the ceiling as the return air plenum, air exhausted 
from the smoking lounge may be recirculated to other locations 
served by the same air handling unit, such as the staff lounge. 


*In view of the fact that nine of the ten samples were below the 
level of detection (1.6 pg/m 3 ), the single detected value may be 
questionable, possibly due to an unobserved smoker or analytical 
error. 
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Table 2 shows the mean and ranges of ETS related contaminants in 
the smoking lounge and nonsmoking staffrooms. 


TABLE 2 


COMPARISON 

OF ETS RELATED 

AIR QUALITY 

PARAMETERS : 

FIELD STUDY 


Nicotine 

(ug/m 3 ) 

RSP 

(ug/m 3 ) 

co 2 

(ppm) 

i of Cigs 
Smoked* 

Cafeteria/ 

5.8 

60.4 

500 

7.1 

Smoking 

Lounge 

3.8-7.2 

27-82 

400-600 

2-15 

Nonsmoking 

0.6 

2 0.8 

403 

— 

Lounge 

(recirc) 

<0.4**-0.8 

17-26 

350-450 


Outdoors 

— 

15.0 

358 

— 



13-16 

300-400 



* The number of cigarettes being smoked at the time of 


instantaneous measurements was recorded and a mean calculated. 
**Level of detection for a 4 hour sample. 

Mean nicotine concentration in the smoking lounge was 5.8 ug/m 3 
Nicotine was measured at concentrations just above the detection 
limit (< 0.4 ng/m 3 ) in 3 of the 4 samples taken in the nonsmoking 
staff lounge, suggesting a low level of recirculation. 

RSP concentrations were 2.9 times higher in the smoking lounge 
than in the nonsmoking areas. C0 2 concentrations were 1.2 times 
higher. 


StUdS. 2 

In the third study, ETS related parameters were measured in two 
adjacent buildings, which contained a mixture of open-area offices, 
private offices and public waiting/service areas. 

Building A was a sealed, mechanically ventilated four storey 
office building with two levels of underground parking. The 
building was served by a central ventilation system. Outside air 
was drawn into an air handling unit located in a basement 
mechanical room, mixed with return air and supplied to each floor 
through ceiling diffusers. Return air was drawn from the ceiling 
plenum back to the basement air handling unit. The amount of air 
recirculated by the system varied from 0 to 80%, depending on 
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outdoor temperatures. At the time of survey, approximately 30 to 
50% of the return air was recirculated. 

Smoking was prohibited in all areas of Building A, except for a 
smoking section in the fourth floor cafeteria, which was not 
separately ventilated from the rest of the building or physically 
separated from the nonsmoking section. Therefore, return air from 
the smoking area could be recirculated throughout the building. 

Building B was a 12-storey unsealed office building without 
mechanical ventilation. Most areas were therefore passively 
ventilated by building leakage. The building was heated by a hot 
water radiant system. Consequently, there was no mixing of air 
from different floors or offices. Smoking was prohibited in all 
areas of the building except in the smoking section of a basement 
cafeteria. No air from the cafeteria could be recirculated 
elsewhere in the building. 

Table 3 summarizes the measurement results. As there were no 
perceptible differences between the measured concentrations in 
cafeterias in Buildings A and B, either for smoking and nonsmoking 
areas, their data has been merged. 

TABLE 3 

COMPARISON OF ETS RELATED AIR QUALITY PARAMETERS: FIELD STUDY 3 



Nicotine 

RSP* 

CO 

co 2 

Pers/ 

cigs/ 


(ug/m 3 ) 

(ug/m 3 ) 

(ppm) 

(ppm) 

10m? 

hr/10m 2 

Cafeteria 

14.0 

70 

3.9 

690 

1.8 

1.2 

Smoking Sec. 
(A & B comb) 

<1.6-43.7 

23-129 

1.1-11.4 

450-1000 

.8-3.4 

.5-1.7 

Cafeteria 

6.2 

32 

2.6 

560 

1.7 

NA 

Nonsmok Sec. 
Areas 

(A 6 B comb) 

<1.6-10.9 

15-57 

1.2-4.5 

400-700 

.8-2.5 

NA 

Nonsmoking 

<0.8 

6 

1.8 

490 

0.73 

NA 

Offices 

A 

o 

* 

t 

M 

O 

4-11 

1.3-2.3 

400-580 

.3-1.9 

NA 

Bldg A (recirc) 






Nonsmoking 

— 

7 

1.35 

4 50 

0.9 

NA 

Offices 

— 

6-8 

1.3-1.4 

400-500 

.5-1.3 

NA 


Bldg B (no recirc) 


* Mean outdoor RSP's were 10 ug/m3. 
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There was a higher occupant density in the cafeterias than in the 
nonsmoking office areas. However, the number of individuals per 10 
m 2 in the smoking and nonsmoking sections of the cafeterias were 
approximately the same. Measured levels of all four air quality 
parameters were higher in the smoking sections than in the 
nonsmoking sections of the cafeterias. The decrease in RSP and 
nicotine concentrations between the smoking and nonsmoking areas of 
the cafeterias illustrates a rapid dilution of ETS. 

Eight nicotine samples were collected in the nonsmoking offices 
of Building A. Measurable levels of nicotine were found in 2 of 
the 8 samples, indicating a low level of ETS infiltration. 

DISCUSSION 

The results from the three field studies suggest that ETS 
contributes little to indoor C0 2 levels. Differences in C0 2 
concentrations between the smoking-permitted, prohibited and 
designated smoking areas were small when compared with the observed 
differences in smoking intensity and nicotine levels. The sample 
sites with highest C0 2 levels in the four studies were those areas 
with the higher person densities. 

Indoor CO concentrations increased with smoking but did not 
closely follow smoking intensity or nicotine concentrations. Other 
indoor and outdoor sources must also contribute to CO levels in 
buildings, as indicated by the background levels measured in areas 
which do not receive air recirculated from smoking lounges. 

RSP concentrations were substantially higher in the smoking than 
nonsmoking areas. There were few differences between RSP 
concentrations measured in nonsmoking areas that received ,or did 
not receive, air recirculated from the smoking lounge. This 
finding suggests that recirculation of ETS can not be detected by 
elevated RSP concentrations. 

Of the four substances measured, nicotine showed the strongest 
association with smoking. There are few, if any, significant 
sources of nicotine in the non~industrial indoor environment other 
than smoking. The results of the field studies clearly indicate 
that nicotine is the most accurate marker of the presence of ETS. 

Nicotine was detected in six of 21 samples taken in nonsmoking 
areas that received recirculated air. In those cases where 
nicotine was detected, concentrations were more than 10 times lower 
than in the smoking lounge. These measurements Indicate that ETS 
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components are substantially diluted as they are recirculated from 
smoking designated to smoking prohibited work areas. Of course 
what is "substantial" dilution is to some extent subjective. To 
give meaning to such trace values, it has been demonstrated that 
the exposure of an office worker to recirculated nicotine is at, or 
below, 1 ng/m 3 for one hour. Giving a breathing rate of 0.48 m 3 /hr 
for the level of activity required for normal office work (4), an 
office worker would breath air containing 0.48 *ig of nicotine in 
one hour. This quantity is approximately equivalent to 1/1800 of 
nicotine inhaled by actively smoking one cigarette (900 
ug/cigarette. (5) 

Overall, based on the results of the field studies, it appears 
that the provision of designated smoking areas in the four 
buildings has acted to effectively reduce ETS constituent levels in, 
nonsmoking offices, even when the designated smoking areas are not 
separately ventilated. 
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Air quality, ventilation, temperature 
and humidity in aircraft 

These four parameters were measured on 45 flights 
and compared with existing comfort regulations 


By Anne O’Donnell, Giovcmna Donnini and Van Hiep Nguyen 

Affiliate Member ASHRAE 


T he increasing number of air travelers 
in recent years has increased the con¬ 
cern Off air quality in aircraft. Hence, it is 
vitally important that the health and com¬ 
fort of passengers are ensured. 

The health and comfort of air travelers 
depends on.the complex interplay of 
several factors. Some important factors 
are: the adequacy of the ventilation system i 
to alldwfresh air in the occupied zone; the 
concentration of contaminants; the tem¬ 
perature; and relative humidity. 

The purpose of our study was to 
measure these parameters, compare 
them with existing regulations and comfort 
recommendations, and then evaluate the 
health and comfort in passenger airplanes. 

Testing environment & strategy 

The tests were conducted on 45 
flights from seven identical aircraft of the 
same airline. The average flight duration 
was between 30 minutes and one hour; all 
were non-smoking flights. 

The aircraft had a seating capacity of 
101 passengers, with five-member crews. 
One or both of the aircraft conditioning 
units (hot air packs) were functioning on all! 
flights, as selected by the flight crew. 


About the authors 
Anne O'Donnell is an industrial hygienist 
with Canadian Marconi Company, 
Montreal, Quebec She received a RS. 
from McGill University-Montreal and an 
M.S. in occupational hygiene from the 
University of Newcastle upon Tyne, 
England. 

Giov&nna Donnini is a student in the 
master program of applied science 
in building engineering at Concordia 
University-Montreal. She received a 
bachelors of engineering from Concor¬ 
dia University. 

Van Hiep Nguyen is a researcher with the 
School of Occupational Health, McGill 
University. He received a bachelors of 
engineering from the University of Sher¬ 
brooke and a masters degree in occupa¬ 
tional health from the University of 
Quebec 


Measurements were taken at two 
locations in the aircrafts’ economy section: 
on the right side (when facing forward), in 
front of the first row; and on the left side, in 
front of the last row. The sampling strategy 
and methodology employed are summa¬ 
rized in Table 1. 

The sampling and analysis of the 
chemical and gas contaminants were per¬ 
formed according to the National institute 
of Occupational Safety and Health Guide¬ 
lines (NIOSH 1977) and IRSST methods. 
The only exception was formaldehyde, 


which was sampled and Analyzed using 
McGill University methods (an American. 
Industrial Hygiene Association approved: 
lab). 

The quantity of fresh air was meas- 
uredVsing the sulfur, hexafluoride (SF 6 ) 
tracer gas method. A quantity of 1 ppm of 
SF 6 was injected along the aisle of the 
cabin. Air samples were taken .15 minutes 
following.the SF 6 injection, every 3 to 5 
minutes up to one hour. Air sampling 
started approximately 10 minutes after 
take-off. The SF 6 concentrations were 


Table 1. 

Summary of Sampling Methodology and Strategy 

f- Contaminant/ 

Measurement Detection 

Sampling 

Parameter* 

Techniquea Limit* 

Frequency 

* Carbon monoxide 

Direct reading 1 ppm 

Every 5 min. during each flight 


electrochemical 


* ■ 

ceil monitor 


> Carbon dioxide 

Direct reading 10 ppm 

Every 3-5 min, during each flight 


infrared monitor 


V : Nitrogen dioxide 

Direct reading 0 05 ppm 

Twice per flight v 


electrochemical • 

. ’* _ w _ 


cell monitor * 

: '■ .*. •*’ * ' 

-y. Formaldehyde * : 

Passive sampler : 17 ppm ' 

Integrated sample taken in the - 

Tt;..- ' •* 

- analyzed by gas -v 

test aircrafts' day schedule . 

2K/T*"- 

‘ chromatography,;. - • . . 

(6 to 8 hours) 

Volatile organic 

Activated ; -v* 25 *. - 

Tube sampled at 0.5 liters per .. , 

compound* 

charcoal tube 

minute over the duration of the 

- —-i ’4 

, analyzed by gas V ; - 

test aircrafts’ day schedule (6 to 

•*£&-. v z.” ■ 

XpT' ■ ;*■ 

chromatography -T ; d 

8 hours) : v 

Total particulate* 

Polyvinyl chloride 25 ?Q 

Fitter sampled at 1.5 liters per. 


..filter37mm . 

minute over the duration of the 

fe- ■ r-:> 

; diameter, 0.8 pm fV ./! // 

test aircrafts'day schedule (6 to 

W' - ^ 

~ pore size gravL ^ . 

8 hours) * V - *- • * 

Ss-,- ': : x\ 

metric analysis ‘ 

• * ■ *T~ - 

f[farnper»tur* . 

Passive logger 

Data recorded every 2 min. over - 

te- •.::: 

(resistor- 'V 

the duration of each flight ' - 

jprf.' 

thermistor T : 

*’ ■’ - ‘ *v- ~ -"'f'-f'. 


- series) ‘ 

.•* J 

g Relative humidity 

Passive logger 1% ' . 

Data recorded every 2 min. over 


(resistor- *' v ~ . 

the duration of each flight - 

; 

thermistor .V ♦ 



series) : '. j. J; T •' • -'; >■ 

. ‘ 

C Outdoor air supply 

60 cc syringe ; V - 5 ppb 

Gas decay sampled with vacu- 


analyzed by gas \ \ 

tainer tubes monitored up to . 

si? 

chromatography * - V r 

every 5 min. for up to one hour. 

• ■ - - 


: successfully on 33 flights . 
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measured 1 by, gas chromatography with 
electron capture detection. 

The calculation of fresh air change is 
related to the logarithmic degradation of 
the tracer gas concentration with respect 
to time The slope of the curve is the rate of 
fresh air-change 

The calculation is performed using 
the following equations: 

In C/C, « -(Q/V) * T 
In C/C, * -I * T 

where , G, « the initial tracer gas concerv 
tration (uniformly mixed) (ppm) 

C * tracer gas concentration after 
timeT (ppm) 

Q « rate of f resh-air change of the 
aircraft (m 3 /hour) 

V - the cabin volume (m 3 ) 

T * the time in hours 
I - the rate of fresh air-change per 
hour 


Air temperature (which is controlled 
by the flight crew) and humidity (which 
originates from the passengers) were 
measured with four loggers. The two log* 
gers were placed in the seating area 
behind each first class section and at the 
rear of each economy section. 

Air temperature was measured at three 
levels: the floor, above the ankle; and at 
head height This was approximately 0 ia (0 
cm), 4 in. (10 cm); and 45 ft (140 cm) above 
the fioor-ie^, respectively. Measurements 
were recorded every four minutes 


Regulations & standards 

The US. Federal Aviation Adihinistra¬ 
tion (FAA) applies limits for three com 
taminants: carbon monoxide, carbon 
dioxide and ozone For ventilation, the FAA 
regulations state that the crew compart* 
ment should receive 10 cfm/person to ena¬ 
ble crew members to perform their duties 
without undue discomfort or fatigue and 
that the passenger compartment “must be 
suitably ventilated” There are no specific 
limits for outdoor supply air. 

The Aviation and Occupational Safety 
and Health Regulations of the Canadian 
Labour Code (CLC) use the American 
Conference of Governmental Industrial 
Hygienists (ACGIH) 1986-87 threshold limit 
values (TLV) in determining contaminant 
control! limits The concentration limits 
placed by the regulations are for health risk 
concerns (see Table 2 lor a summary of 
the regulations). 

ASHRAE Standard 62-7989 provides 
standards for outdoor supply air in trans¬ 
portation vehicles, and carbon dioxide 
levels and recommendations for comfort. 
Other standards (see Tables 2 and 3) are 
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also used as comfort guidelines. AH are 
usually used in evaluating comfort in the 
office environment. 

In comparing the contaminant com 
centrations and comfort parameters to the 
standards, the most: severe standards 
were used for the purpose of this study 


(see Tab/e 3 for a summary of the comfort 
and ventilationistandards)j 

Results & discussion 

The measured values of chemical 
and gas contaminants are given in Tabfe 4. 


Table 2. Health Regulations and Comfort Standards for Aircraft 


Exposure 


Contaminant 

Canadian 

Labor 

Code 

Federal 

Aviation 

Administration 

ASHRAE 

62-1969 

Environmental 

Protection 

Agency 

Guidelines/ 

Residential 

IAQ 

Carbon dioxide 
(ppm) 

30,000 

15 min. 
5,000 

8 hrs. 

30,000 

continuous 

1500 

continuous 


<3500 

continuous 

Carbon 

monoxide 

(ppm) 

400 

15 min. 

50 ppm 

8 hrs. 

50 

continuous 


35 

1 hr. 

9 

8 hrs. 

<25 

1 hr. 

<11 

8 hrs. 

. Nitrogen 
dioxide (ppm) 

5 

15 min. 

3 

8 hrs. 



005 

0.25 

1 hr. 

0.05 

continuous 

Formaldehyde 

(jig/m 3 ) 

3500 

15 min. 

1500 

8 hrs. 




120 

continuous 

Ozone 

(^g/m 3 ) 

600 

15 min. 

200 

8 hrs. 

20 

above 27,000 ft 

3 hrs. 

490 

above 32,000 ft 
continuous 


235 

1 hr. 

<240 

1 hr. 

Total dust 
G*g/m?) 

10,000 

8 hrs. 




75 

lyt 

260 

24 hrs. 


Table 3. Ventilation and Comfort Standards 



ASHRAE 

ASHRAE 



Manufacturer 

Parameters 

62-1989 

55-1989 

ISO 7730 

EGRIAQ 

Recomm. 

Outdoor air supply 
rate cfm/person 
. Temperature, °F 

15 

6673 

Vertical temp. 


10 

<*C) 


(19-23) 

dlff. between 





winter 

ankles arvd 





73-79 

head 3* 





(23-26) 

Floor 





summer 

temperature 

66-79 






(19-26) 



Relative humidity 


20 


30 


(%) 


(minimum) 





43 
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Aircraft air quality 


[T 


The temperature and humidity results are 
shown in Table 5. 

Ozone is prevalent at high attitude and 
during high latitude flights. Ozone enters 
the cabin from the outdoor supply air. The 
major acute and chronic health risk from 
inhalation exposure to this gas is irritation 
of the respiratory tract and'lung tissue. 
Ozone was measured to be 26 percent of 
the limits allowed by the FAA health regu¬ 
lations and 2 3 percent crt the EPA limit for 
1 hour 


Carbon monoxide is a chemical 
asphyxiant, while nitrogen dioxide can 
cause irritation to the long tissues. The 
major source of these contaminant gases 
is from the combustion of the engine fuel. 
Both gases were found to be substantially 
below the limits allowed by the regulations 
and comfort standards. 

The sources of volatile organic comi 
pounds and formaldehyde can be from 
adhesives, lubricants, .elastomers, sealing 
compounds coatings, cleaning products, 
carpets and upholstery, inside the aircraft 


\yf Table 4. Contaminants Measured In Aircraft Cabin 


J Contaminant 

Mean 

Most Severe 
Standard Health 

Mini. Maxi. Deviation Regulation 

Most Severe 

Comfort 

Standard 

^ Carbon dioxide 

719 

330 2,170 233 

<5,000 

<1,000 

4. (ppm) 



CLC 

ASHRAE 

v- Carbon monoxide 

1.6 

1 4 1.4 

<50 

9 

i! (ppm) 



FAA continuous 

8 hrs. 




CLC 3 hrs. 

EPA 

£ Nitrogen dioxide 

<0.1 

A 

P 

A 

o 

3 

0.25 

IV. (ppm). 



8 hrs. 

1 hr. 




CLC 

EGFUAQ 





(regarding 

5 •"' 




detectability) 

Ozone (^g/m 3 ) 

53 

53 53 0 

20 continuous 

235 




above 27,000 ft 

1 hr. 




altitude (FAA) 

EPA 

5* Formaldehyde 

25 

17 82 20 

1,500 

120 continuous 

h(jiglm*) 



8 hrs. 

EGR1AQ 




CLC 


£ Volatile organic 

n.d. 

n.d. nd. n.d. 

n.d. 

nd. 

l< compounds 





| 0<g/m’) 





& Total particulates 

105 

25 200 68 

10,000 

75 

X IjiQfm*) 



8 hrs. 

lyr. 

VJ* 



CLC 

EPA 


& . . 

k 

m. 

fiC ■■ 


Table 5. Temperature and Humidity Results 

Standard 

Mean Minimum Maximum Deviation Standard 


fc Temperature, *F 

74 

56 . 

95 

15 

€7-73 

|>c) 

(23.4) (133) - 

(35.1) 


(195-23) 

- 

-r. 




winter 



- 



73-79 

p ; 





(23-26) 

summer 

ASHRAE 55-1981 

*£ Vertical temperature 

2 

0 

43 

13 

54 

K between ankles and head, 

a.i) 

(0) 

(2.4) 


(3) 

fe*F(*C) 





ISO 

& Hoot temperature, 

75 

61 

84 

23 

66-79 


(24) 

(16) 

(29) 


(19-26) 


-■ - ■ 

. *■ 



ISO 

rf Humidity 

185 

45 - 

485 

35 

30 

m w 


• -. .. 



EGRIAQ 


cabin. The concentration of these con¬ 
taminants is closely related to the amount 
of off-gassing of chemicals from these 
materials or from the vol&tization of the 
irresidual'solvents. 

Exposure to high concentrations of 
these chemicals affects the nervous sy's^ 
tern and respiratory tract. Volatile organic 
compounds were not detected, and for¬ 
maldehyde compounds were found to be 
significantly less than the regulation health 
limits. Formaldehyde was measured at'20 
percent^ of the level Sallowed by the most 
severe comfort standard! 

The particulates are derived ;from the 
passengers' clothing and belongings, and ! 
from,the activity, on the runway during 
embarkment onto and disembarkment from 
the aircraft. The total particulate contents 
were measured to be substantially below 
regulation (ft percent) and 1.4 times that 
allowed by the most severe comfort 
standard. 

An increase in ambient carbon dioxide 
in the aircraft results from the metabolism of 
the passengers released by exhalation. An 
increase in the number of passengers 
raises the carbon dioxide concentration in 
the aircraft. 

Uncomfortable levels such i as 50.000 
ppm can cause headaches, dizziness and 
visual distortions. Symptoms relating to 
fatigue headaches and stuffiness can,be 
associated with levels between 500 and 
3200 ppm (FPA Committee 1987). 

The measured concentrations did not' 
exceed the FAA regulation limit of 30.000 
ppm. However, in an,aircraft carrying more 
than 74 passengers, the average carbon 
dioxide concentration was measured to 
exceed the ASHRAE Standard 62-1989 limit 
of 1,000 ppm. 

The genera) trend of carbon dioxide 
concentrations with respect to time (indi¬ 
cated by four flights on one excursion) is 
shown in figure 1 • The carbon dioxide 
concentration tends to peak at the begin¬ 
ning and at the end of each flight. This is 
taken as evidence that the fresh air supply 
level set by the aircrew is low during take¬ 
off and before landing. 

The outdoor supply air contains out¬ 
side air from the compressors in the 
engine and recirculated air from the cabin i 
and storage areas. The quantity of outside 
air is regulated by a flow-control valve; con¬ 
trolled by the crew manually or automatically. 
Only one of the two air-packs can be 
functioning because of energy conserv¬ 
ation (the pilot's decision is based on the 
number of passengers orvboard)j 

From the compressors, the air passes 
through the heat exchangers where it is 
cooled or heated to the required comfort 
temperature The supply air enters the 
cabin through the grilles situated on,the 
sidewaJIS below the storage bins The air, is 
exhausted through the flbor level grilles 
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that run alongside the wall and lead to the 
outflow valves. The amount of air ex¬ 
hausted is controlled as a function of the 
desired dabin pressure 

The results illustrated in Figure 2 indi¬ 
cate that; generally, the quantity of outdoor 
air variesfor each flight. When the number 
of passengers exceeds 34, the average 
quantity of outdoor air does not satisfy the 
manufacturers’ standard of 10 cfm per per¬ 
son. When the number of passengers ex¬ 
ceeds 13: the ASHRAE Standard 62-1989 
recommendation of 15 cfm per person is 
generally not met; 

It was found that 18 out of the 33 flights 
evaluated did not comply with the aircraft 
manufacturer’s recommendation (10 cfm) 
and 24 out of 33 flights did not satisfy the 
ASHRAE standard (15 cfm) for comfort. 

In comparing Figure 1 with Figure 2, 
it is evident that an increase in the carbon 
dioxide concentration does not necessar¬ 
ily correspond to a relatively low quantity of 
f resh air per person. Although it was noted ; 
that when the carbon dioxide concentra¬ 
tion was above 1,000 ppm, the quantity of 
outdoor air per person generally averaged 
only 3 cfm per person: 

Conversely, an acceptable concen¬ 
tration of carbon dioxide does not neces¬ 
sarily guarantee an acceptable quantity of 
outdoor, air per person (as measured for. 
flights 4, ,6, 7,8,10.12,13,16,19, and 20 
through 27); The results do not indicate a 
significant difference in the quantity of out¬ 
door supply air or carbon dioxide concen¬ 
trations between both sampling sites. 

Temperature is controlled by the flight 
crew. The heat exchanger valve is used to 
establish the required'cold temperature, 
whereas, when hot temperature is re¬ 
quired. a zone reheating system exists to 
warm the air. The mean measured ambient 
air temperature of 73° F (23° C) is comfort¬ 
able in relation to the recommended 
ASHRAE standard for the summer and 
winter seasons. The average vertical air 
temperature difference in the areas be¬ 
tween the ankles and head is tess than 
5.4° F (3°C), and the average floor temper¬ 
ature is between the the recommended 
66°F (19°C) and 78°F (26° C). Both are 
acceptable according to the ISO stan¬ 
dards (see Table 5 for the results): 

The humidity in the aircraft depends 
on the respiratory and perspiratory vapor 
given off by the passengers and crew. No 
other sources are supplied, other than 
those from the food preparation and lava¬ 
tory areas. Humidity is removed by me¬ 
chanical water separators before entering 
the engine turbine and cabin air supply 
duct. 

The relative humidity in the cabin 
varies inversely with the quantity of outdoor 
air. The results indicate low humidity, about 
10 percent below the comfort recommen¬ 
dations (see Table 5 for the results). 
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Aircraft air quality 



Conclusion 

The measured chemical contaminant 
levels were found Ho be within the regula¬ 
tions aimed at preventings health risk. 
Only total particulate levels exceeded the 
comfort criteria even though smoking was 
notalldwed onboard; 

The temperature results agree with 


respect.to office building standards. The 
carbon dioxide concentrations were gener¬ 
ally high when the number;of passengers 
reached more than 68 percent of the air¬ 
craft occupancy. The outdoor air supply 
was generally below the ASMRAE recom¬ 
mended comfort level. Relative humidity 
could reach uncomfortable levels. 


For improved comfort, the outdbor air 
supply should be increased on flights car¬ 
rying more than 13 passengers. The de¬ 
sired increase in outdoor air supply should 
result in cabin concentrations of carbon 
dioxide below 1,000 ppm. Well-maintained 
air filters in the recirculating ventilation sys¬ 
tem would decrease the concentration of 
total particulates to a more comfortable 
level. Different options should be studied to 
attain an acceptable percentage of relative 
humidity. ■ 


References 

American Conference of Governmental Industrial 
Hygienists. 1996 ACGIH Threshold UmitiVatves and 
Biological Exposure Indices lor T986-7987 Cincinnati. 
Ohio 

ASHRAE. 1981. Standard 55-1981. Thermal Envir 0 n- 
mental Conditions lor Human Occupancy. Atlanta. 
Georgia. 

ASMRAE. 1989 Standard 62-T989. Ventilation for 
Aeceptad/e/ndoor A)/-Oua% Atlanta. Georgia. 

Canadian Uabour Code, Aviation Occupational Safety 
and Health Regulations. 1987 Canada Gazette. Ri.i II. 
Vol. 121, Nd 8, April. 

Environments’ Protection Agency National Primary 
and Secondary Ambient Air Quality Standards. Coot 
of federal Regulations. T rtie *0. Pan 50 (40 CFR 50). 

Federal Aviation Administration. 1989 Code of fed¬ 
eral Regulations Mronauucs and Space Washing¬ 
ton. DC Revised as of January. 1.1989. 

Federal-Provincial Advisory Committee on Environ¬ 
mental and Occupational iHealth.: 1967. Exposure 
G videlines for Residential Indoor Air Quality. Health 
and Welfare Ottawa, Canada April. 

Instrtut de recherche en same et secunte du travail 
(|RSST)j 1988 Guide d'echantmnnage des con¬ 
taminants de lair en mileu de travail. Direction des 
Laboratory Montreal. Quebec 

International Standard Organization. 1984 Standard 
7730. Moderate Thermal Environments—Determina¬ 
tion of the PMVandPPD Indices and Specification of 
the Conditions for Thermal Comfort. Switzerland 

Manufacturer* ventilation recommertdatioa 1985 Air 
Supply and Temperature Control. Confidential report. 

McGill University formaldehyde Dosimeter Analytical 1 
Method. School of Occupational Health Environmen¬ 
tal Laboratories. Based on the NIOSH Method 3500. 
1984,3rd. ed. 

National institute of Occupational'Health and Safety. 
1977. Manual of Analytical Methods. 2nd ed. Pubt No 
77-157.4 volumes. Cincinnati, Ohio April. 

National Research Council 1986 The Airliner Cabin 
Environment—Atf Quality and Safety Report cMht 
Committee on Airliner Cabin Au Quality. Board of 
Environmental Studies and Toxicology. Commission 
on Life Sciences Washington. DC: National 
Academy Press. 


Gas Air Conditioning 



Offer your customer solid value and real 
savings with Servel residential and 
light commercial A/C units. Users 
save several ways: no costly com¬ 
pressor* to wear out and replace, 
design flexibility through zone 
cooling and minimal duct work for 
installation. Uses natural gas, roof or 
ground installations, all single-phase 
power operation. Shown at left: 
Cooling model, 34-5 ton capacities. 


“AY" Series: 
All-year cooling 
and heating. 

34-5 ton cooling; 
hot water heating 
up to 135.000 
BTU/h. 


“PAY" Series: 
Complete 
packaged forced 
air heating and 
cooling system. 
Order ready to 
go, or assemble 
in the field: 



“PACC” Series: 
8 or 10 ton 
cooling capacity, 
self contained 
step (50%) 
modulation 
control standard. 


“RTCB” Series: 
10 to 25 ton 
cooling capacity’, 
complete with 
utility cabinet for 
electrical 
equipment and 
accessories. 


4 * 


^Absorption cooling systems 
^feature ultra-efficient chrome- 
—lined generators instead of 
- compressors. The results are 
-no vibration, only 3 moving 
parts, longer life, fewer service 
^calls, greater energy efficiency, 
even a 10-year limited warranty 
for installations in single-family 
^dwellings. . . .. 

Wrii^cal^OTEaifOT 

'THE DOMET1C CORPORATION 

* 2300Lynch Road. Evansville. IN 4771 ] 
^Phone: (812) 424-1800 FAX: (812) 422-5117 





-by Dometio 


' Clean natural Gas. 
^AMERICA'S BEST ENERGY VALUE. 


(Circle No. 23 on Reeder Service CenJ) 
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